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PREFACE 


Recent  emphasis  on  Air  Combat  Maneuvering  (ACM),  including  the  congressionally 
directed  AIMVAL/ACEVAL  trials,  has  created  interest  in  developing  methods  of 
analysis  to  assess  aircraft  capabilities,  pilot  proficiency,  force  requirements,  etc. 
Several  methods  are  in  use  by  industry,  but  many  emphasize  specific  aircraft 
characteristics  and  are  therefore  limited  in  their  application.  This  report  describes 
an  ACM  analysis  method  developed  by  Mr.  W.  S.  Stewart  (Naval  Weapons  Center), 
Dr.  R.  A.  Oberle  (Center  for  Naval  Analyses),  and  Mr.  W.  R.  Simpson 
(NAVAIRTESTCEN).  Several  aspects  of  these  analysis  methods  are  being  explored 
jointly  by  the  Navy  Fighter  Weapons  School,  the  Naval  Weapons  Center,  the  Center 
for  Naval  Analyses,  and  NAVAIRTESTCEN.  These  analysis  techniques  have  been 
implemented  at  NAVAIRTESTCEN,  the  Naval  Weapons  Center,  the  Air  Combat 
Maneuvering  Range,  and  the  Center  for  Naval  Analyses.  The  NAVAIRTESTCEN 
participation  was  funded  by  the  Joint  Technical  Coordinating  Group/Munitions 
Effectiveness  chaired  by  the  Army  Materiel  Systems  Analysis  Agency,  Aberdeen, 
Maryland.  Assistance  in  the  application  of  these  techniques  to  specific  problems  of 
air  combat  is  available  through: 

a.  NAVAIRTESTCEN  (SA43) 

b.  NAVWPNCEN  (Code  4072) 


c.  Naval  Air  Combat  Maneuvering  Range  (CNA  Rep  to  COMFIT AEW- 
WINGPAC) 


d.  Center  for  Naval  Analyses 
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INTRODUCTION 

BACKGROUND 

1.  The  development  of  adequate  analysis  techniques  in  the  area  of  Air  Combat 
Maneuvering  (ACM)  is  vital  to  the  definition  of  the  mission  effectiveness  of  fighter 
aircraft,  performance  devices  installed  on  fighter  aircraft,  and  aircraft  weapon 
systems.  For  the  most  part,  however,  the  development  of  ACM  testing  and  analysis 
procedures  has  lagged  other  evaluation  areas  such  as  air-to-ground  or  aircraft 
performance  and  flying  qualities  testing.  Beginning  in  late  1971,  the  Commander, 
Operational  Test  and  Evaluation  Force  initiated  development  of  stochastic  ACM 
analysis  techniques.  This  effort  resulted  in  the  finite  state  maneuver  conversion 
model  (reference  1)  and  its  application  to  the  ACM  evaluation  of  a thrust  vectored 
attack  aircraft  as  part  of  CNO  Project  P/V-2  (reference  2).  An  additional 
application  of  the  maneuver  conversion  model  to  an  in-flight  ACM  evaluation  was 
made  at  NAVAIRTESTCEN  for  the  F-llA  thrust  vector  control  system 
(reference  3).  Following  these  applications,  the  finite  state  maneuver  conversion 
model  was  extended  by  the  introduction  of  a continuous  time/continuous  state 
performance  index  (reference  4).  The  performance  index  scales  the  offensive  value 
of  the  interaircraft  dynamics  via  the  product  of  angle,  range,  and  energy  pen2dty 
functions.  Numerical  analysis  of  the  stochastic  process  resulting  from  the 
application  of  these  two  evaluation  techniques  to  sample  ACM  engagements  has 
been  an  ongoing  effort  at  NAVAIRTESTCEN,  NAVWPNCEN,  COMFITAEW- 
WINGPAC  and  CNA.  The  goal  of  the  exploitation  has  been  the  development  of 
tactically  meaningful  readiness  measures  through  further  mathematical  develop- 
ment of  the  ACM  models  for  application  in  aircraft  test  and  evaluation  and  pilot 
training. 

PURPOSE 


2.  This  memorandum  is  intended  as  a supplement  to  references  1 and  4 to  discuss 
the  implementation  of  ACM  analysis  methods  at  several  facilities,  to  present 
further  developments,  and  to  illiutrate  the  use  of  the  analytical  methods  via 
application  to  an  example  data  set  selected  from  a family  of  flight  tests  conducted 
on  the  Air  Combat  Maneuvering  Range  (ACMR).  The  data  base  and  the  numerical 
techniques  described  are  also  being  used  to  guide  further  investigations  into 
stochastic  models  useful  for  evaluating  air  combat  maneuvering  engagements. 


1)  R.  A.  Oberle,  Air  Combat  Maneuver  Conversion  Model,  Center  for  Naval 
Analyses  Report  No.  CRC274,  of  Nov  1974. 

2)  Final  Report,  CNO  Project  P/V-2  (Battle  Cry)  (Task  XlQ,  Commander, 
Operational  Test  and  Evaluation  l^orce.  Conduct  an  Operati<»al  Appraisal  of  the 
AV-8A  Aircraft,  of  24  Apr  1974  (Secret  Report). 


3)  W.  R.  Simpson  and  M.  T.  Pilletere,  Navy  Evaluation  of  F-llA  fof light  Thrust 
Control  System,  NAVAIRTESTCEN  Report  SA-C3R-76,  Confidential  Supplement  to 
NAVAIR'^TCEN  Report  SA-75R-75,  of  26  Jan  1976. 

4)  W.  R.  Simpson,  Development  of  a Time-Variant  Figure-of-Merit  for  Use  in 
Analysis  of  Air  Combat  Maneuvering  Engagements,  NAVAIRTESTCEN  Technical 
Menwandum  TM-76-l^A,  oi!  16  Jul^Yb. 
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METHOD  OF  TESTS 

3.  Test  methods  for  ACM  evaluation  are  detailed  in  reference  4-  This 
memorandum  addresses  the  form  of  numerical  techniques  applied  to  quantitative 
ACM  data* 

ANALYSIS  PARAMETERS 

4.  The  primary  ACM  parameters  to  be  used  in  this  memorandum  are  given  in 
table  I.  A complete  listing  of  general  technical  terms  is  presented  at  the  end  of 
this  report. 

Table  I 


ACM  Parameters 


Parameter 


Definition 


Airplane  Parameters 


Angle  of  Attack  (AOA) 

Angle  between  the  free  stream  flow 
and  the  airplane  reference  line 

Normal  Acceleration  (N^) 

The  load  factor  taken  perpendicular  to 
the  flight  path 

Altitude  (ALT) 

Geometric  altitude  above  ground  level 

Indicated  Airspeed  (IAS) 

Airspeed  measured  by  AIS  uncorrected 
for  position  error 

Specific  Energy  (Eg) 

Sum  of  the  weight  specific  kinetic 
and  potential  energies 

Target  Mach  Number  (MT) 

Mach  number  of  the  target  airplane 

Interairplane  Parameters 


Range  (R) 

Line  of  sight  distance  between  the  c.g. 
of  two  airplanes 

Closing  Velocity  (VC) 

Time  rate  of  change  of  range 

Antenna  Train  Angle  (ATA) 

The  angle  between  the  aircraft  refer- 
ence line  forward  of  the  c.g.  and  any 
sight  line 

Angle  Off  Tail  (AOT) 

The  angle  between  the  aircraft  refer- 
ence line  aft  of  the  c.g.  and  any  sight 
line 
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Table  I (Cont'd) 


Parameter 


Definition 


Analysis  Parameters 


Performance  Index 

A time  variant  figure-of-merit  based 
on  angular,  range  and  energy  penalty 
functions  (detailed  in  reference  4) 

Conversion  Coefficient 

An  ACM  state  adaptation  of  the  per- 
formance index  (detailed  in  this  mem- 
orandum) 

ACM  State 

Maneuver  conversion  model  state 
(detailed  in  reference  1) 

ANALYSIS  METHODS 


5.  The  primary  analysis  methods  employed  in  this  report  are  the  maneuver 
conversion  model  (detailed  in  reference  1)  and  the  performance  index  model 
(reference  4).  The  maneuver  conversion  model  characterizes  an  ACM  engagement 
as  a realization  of  a semi-Mzu*kov  process  with  state  conversion  probabilities  and 
time  in  state  distributions.  The  performeuice  index  model  is  a continuous  state 
continuous  time  stochastic  process.  A secondary  analysis  method,  the  conversion 
coefficient,  combines  the  continuously  varying  measurement  of  the  perform2Uice 
index  and  the  state  definitions  of  the  maneuver  conversion  model  to  yield  a third 
continuous  time  process.  This  third  model,  although  suffering  from  discontinuities 
at  state  boundaries,  is  also  being  investigated  for  applicability  to  ACM  evaluation. 
These  models  are  used  in  combination  because  of  their  complimentary  nature  and 
the  fact  that  the  same  conclusions  follow  from  the  three  methodologies.  Even 
though  the  maneuver  conversion  model  includes  a no-history  Markov  assumption 
and  the  performance  index  and  conversion  coefficient  models  assume  a continuous 
time  dependence,  no  conflict  between  results  has  yet  been  observed,  nor  is  any 
expected.  It  is  anticipated  that  for  field  application  the  analysts  can  select  any  of 
the  methodologies  for  planning  and  evaluating  a group  of  ACM  flight  tests.  The 
methodology  will  primarily  be  chosen  on  the  basis  of  off-line  computational 
capability  as  well  as  the  mathematical  sophistication  of  the  intended  data  usage. 


3 


TM  77-2  SA 


ANALYSIS  PROGRAMS 


GENERAL 

6.  An  analysis  capability  has  been  developed  to  define  pertinent  information  and 
identify  significant  conclusions  for  air  combat  maneuvering  engagements  up  to  four 
fighter  aircraft  versus  four  ta;*get  aircraft-  Computer  programs  are  available 
which  calculate  analysis  data  for  specific  aircraft  pairs,  fighter  or  bogie  section 
analysis  data  for  two-on-one  engagements,  and  a stochastic  analysis  program  for 
two-on-one  engagements  which  is  extendable  to  many  versus  many.  The  primary 
modes  of  analysis  in  these  programs  are  the  characterization  of  the  semi-Markov 
parameters  of  the  maneuver  conversion  model  and  a one  dimensional  evaluation  of 
the  stochastic  process  during  the  performance  index  model,  together  with 
stochastic  data  for  the  conversion  coefficient  and  an  expression  of  the  expected 
paths  for  a statistical  sample.  The  resulting  numerical  techniques  are  being  used 
by  the  authors  to  support  further  theoretical  development.  For  example,  in 
reference  4,  a feedback  sequence  leading  to  the  development  of  a predictor  model 
is  discussed.  Achievement  of  this  predictor  model  requires  a theoretical 
characterization  of  the  underlying  probability  space  for  which  the  performance 
index  and  conversion  coefficient  are  natural  realizations.  Identification  of  this 
underlying  probabilistic  structure  is  the  goal  of  the  ongoing  investigations. 

PAIRED  ANALYSIS 

7.  The  first  step  in  the  analysis  is  the  computation  of  analysis  parameters  for 
fighter- to- adversary  pairs  in  the  engagement.  The  NAVAIRTESTCEN  implementa- 
tion of  the  paired  analysis  computer  program  is  given  in  appendix  A.  Input  is  taken 
as  the  aircraft  and  interaircraft  data  of  table  I.  These  data  are  directly  available 
from  tests  conducted  at  the  ACMR  in  Yuma,  Arizona,  but  can  also  be  computed 
from  use  of  radar  data  and  onboard  tape.  Required  inputs  to  the  program  are  given 
in  table  II.  These  inputs  are  assumed  to  be  at  1 second  intervals  from  initialization. 
The  beginning  of  the  engagement  can  be  taken  analytically  (such  as  at  first  visual 
contact)  or  mathematically  (such  as  a fixed  interaircraft  r<mge).  Because  of  the 
inconsistency  of  results  initialized  at  first  visual  contact,  the  latter  is 
recommended. 
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Table  H 

Input  Required  for  Paired  Analysis  Program 


Input 

Definition 

Notes 

TITLE 

A 50'cbaracter  identifier  of  the  engagement 

ESI 

Fighter  aircraft  specific  energy 

(1) 

ESZ 

Target  aircraft  specific  energy 

AOT 

Fighter-to-target  angle  off  tail 

ATA 

Fighter-to-target  antenna  train  angle 

R 

Fighter-tO'target  interaircraft  range 

RMAXl 

Fighter  offensive  maximum  range 

(2) 

RMAXZ 

Fighter  defensive  maximum  range 

ROPTl 

Fighter  optimum  missile  launch  range 

ROPT2 

Target  optimum  missile  launch  range 

ROl 

Target  zero  penalty  range 

R02 

Fighter  zero  penalty  range 

RGl 

Fighter  range  at  which  guns  tactics  begin  to 
dominate  fight 

RG2 

Target  range  at  which  guns  tactics  begin  to 
dominate  fight 

EDEVl 

Fighter  energy  relevance  term 

EDEV2 

Target  energy  relevance  term 

FGl 

Fighter  interenvelope  gun  penalty 

FG2 

Target  interenvelope  gun  penalty 

ATAOF 

Antenna  train  angle  for  offensive  state 

(3) 

AOTOF 

Angle  off  tail  for  offensive  state 

ATAWEP 

Antenna  train  angle  for  weapons  envelope 

AOTWEP 

Angle  off  tail  for  weapons  envelope 

RIWEP 

Weapons  envelope  minimum  range 

R2WEP 

Weapons  envelope  maximum  range 

RNUT 

Range  beyond  which  the  fight  is  considered 
neutral  for  the  maneuver  conversion  model 

NFILES 

The  number  of  data  files  to  be  input 

IPRINT 

Print  Option  1 for  terminal  output 
5 for  printer  output 

IGRAF 

Graph  Option  1 for  terminal  output 
5 for  printer  output 

NOTESs  U)  A*  a function  of  time 
(Z)  Defined  in  reference  4 
(3)  Defined  in  reference  1 
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8*  The  program  computes  and  graphs  the  paired  analysis  data.  An  example  data 
run  is  given  in  appendix  B.  Data  output  is  defined  in  table  IQ,  and  output  data  are 
placed  on  disk  file  for  further  use. 


Table  QI 


Output  From  Paired  Analysis  Program 


Output 

Definition 

Notes 

TIME 

Assumed  1 second  interval  beginning 
at  1 

RANGE 

Interaircraft  range  from  table  Q 

(1) 

AOT 

Angle  off  tail  from  table  Q 

ATA 

Antenna  Train  Angle  from  table  Q 

NRG  #1 

Fighter  aircraft  ESI  from  table  Q 

NRG  #2 

Target  aircraft  ES2  from  table  Q 

DIR  ANG 

Normalized  Directional  Angle 

(2) 

NRG  FN 

Energy  function  for  performance  index 
calculation 

RNG  FN 

Range  fimction  for  performance  index 
calculation 

PERF 

INDEX 

Performance  Index 

STATE 

ACM  State 

(3) 

NOTES:  (1)  Output  only  on  printer  (print  option  5).  Not  included  in  appendix  B 
output. 

(2)  Defined  in  reference  4. 

(3)  Defined  in  reference  1. 

SECTION  ANALYSIS 

9*  The  section  coefficient  data  are  computed  by  a second  program  as  given  in 
appendix  C.  The  program  was  written  for  two  versus  one  engagements  and  requires 
two  output  files  generated  by  the  previous  program.  These  output  files  are  for  the 
two  fighter-to-target  pairs.  The  program  computes  the  section  performance  index, 
section  coordination,  coordination  consistency,  the  conversion  coefficient,  and  the 
ACM  state  by  the  two-on-one  state  definitions  of  reference  1. 
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Section  Performance  Indices 

10*  The  section  performance  indices  are  computed  by  the  magnitude  sum  method 
(the  vector  sum  method  of  reference  4).  Section  coordination  and  coordination 
consistency  are  computed  as  per  reference  4> 

Conversion  Coefficient 

11.  The  conversion  coefficient  was  introduced  to  compensate  for  difficulties 
arising  in  the  tactical  interpretation  of  the  section  performance  index.  Specifi- 
cally, as  more  aircraft  are  introduced,  the  section  performance  index  becomes  less 
responsive  to  tactical  extremes  because  of  mathematical  "washout."  That  is, 
adtemate  signs  in  the  performance  index  cancel  to  yield  a numerically  neutral  fight 
which  is  often  not  representative  of  the  tactical  situation.  For  example,  a precise 
interpretation  of  the  "daisy  chain"  shown  in  figure  1 cannot  be  realized 
mathematically.  The  individual  fighter- to- target  performance  indices  cancel 
mathematically,  yet  tactically  the  fighter  section  is  advantaged. 


FIGHTER 


BOGIE 


FIGHTER 


Figure  1 

Air  Combat  "Daisy  Chain"  for  Two-On-One  Engagements 


12.  The  situation  as  shown  in  figure  1 favors  the  fighter  section  if  none  of  the 
aircraft  are  in  a weapons  envelope  because  of  two  very  important  reasons: 

a.  The  forward  fighter  has  a friendly  observer  looking  over  his  rear  quarter 
(the  rear  fighter). 

b.  In  an  attempt  to  close  to  the  weapons  envelope,  the  target  aircraft  in  the 
middle  will  be  flying  a flight  path  which  is  in  a large  part  determined  fay 
the  first  aircraft  whose  maneuvers  can  be  made  known  to  the  rear  aircraft. 
The  situation  will  last  only  a short  time  with  a smart  pilot  in  the  center 
aircraft  and  will  quickly  lead  to  "bogie  switching,"  (a  term  applied  to  the 
situation)  where  the  target  (center)  aircraft  switches  his  offensive  press  to 
the  other  fighter. 
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13.  The  extension  of  the  maneuver  conversion  model  given  in  table  IV  covers  this 
point  adequately.  (Rule  2 applies  to  the  "daisy  chain"  of  figure  1.) 


Table  IV'*' 

Rules  for  State  Evaluation  of  a Two-On-One  Engagement 


1.  The  section  is  OFFENSIVE  WEAPON  when  at  least  one  member  is  in  offensive 
weapon  state  zmd  the  other  is  higher  than  a fatal  defensive  state. 

2.  The  section  is  OFFENSIVE  when  at  least  one  member  has  an  offensive  position 
and  the  other  is  higher  than  a fatal  defensive  state. 

3.  The  section  is  NEUTRAL  when  both  members  are  in  neutral  state. 

4.  The  section  is  DEFENSIVE  when  at  least  one  member  is  in  defensive  state  and 
the  other  is  either  neutral  or  defensive. 

5.  The  section  is  FATAL  DEFENSIVE  when  at  least  one  member  is  in  fatal 
defensive  state  and  the  other  has  less  than  offensive  weapon  state. 

6.  The  section  is  in  a TRADE  OFF  state  when  one  member  of  the  section  is  in 
offensive  weapon  state  and  the  other  is  in  a fatal  defensive  state. 


NOTE:  (1)  Taken  from  reference  1. 


14.  The  conversion  coefficient  introduced  in  this  memorandum  is  an  attempt  to 
modify  the  performance  index  to  cover  the  "daisy  chain"  situation  and  increase 
responsiveness.  It  is  computed  along  the  lines  of  table  IV  as  follows: 

a.  The  conversion  coefficient  is  equal  to  the  section  performance  index  when 
both  of  the  paired  performance  indices  are  less  than  30  in  absolute  value 
(corresponding  to  conditions  3 and  4 of  table  IV). 

b.  The  conversion  coefficient  is  equal  to  the  section  performance  index  when 
both  paired  performance  indices  have  the  same  sign  (corresponding  in  part 
to  conditions,  2,  3,  and  4 of  table  IV). 

c.  The  conversion  coefficient  is  equal  to  the  section  performance  index  when 
the  paired  performance  indices  are  both  greater  than  75  in  absolute  value 
and  opposite  in  sign  (corresponding  to  condition  6 of  table  IV).  These  are 
flagged  as  a trade-off  situation. 
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d.  The  conversion  coefficient  is  not  equal  to  the  section  performance  index 
when  the  paired  performance  indices  are  opposite  in  sign  and  one  is  greater 
than  30  but  less  than  75.  In  this  case,  the  conversion  coefficient  is 
computed  as  follows: 


2 

CONGO  = PIj  (1  -“tP  ) 


(1) 


where  PIi  is  the  positive  value  of  the  paired  performance  indices.  This 
weights  the  positive  (offensive  factor)  but  degrades  to  a neutral  value  as  a 
defensive  fatal  situation  evolves  (corresponding  to  condition  2 of  table  IV). 


e.  The  conversion  coefficient  is  not  equal  to  the  section  performance  index 
when  the  paired  performance  indices  are  opposite  in  sign  with 'one  greater 
than  75  in  absolute  value  and  both  greater  than  30  in  absolute  value,  hi  this 
case,  it  is  computed  as  follows: 


CONGO  = PIi^ 


(1  - 


400  ’ 


!^ii 

PI 


(2) 


where  PIj  is  the  paired  performance  index  greater  than  75  in  absolute  value 
and  PI^  IS  the  other  paired  performance  index.  This  weights  the  offensive 
weapon  and  defensive  fatal  states  (corresponding  to  conditions  1 and  5 of 
table  IV). 


15.  The  conversion  coefficient  combines  the  best  features  of  the  maneuver 
conversion  model  with  the  performance  index  model  but  suffers  in  discontinuities 
due  to  equation  changes  at  specified  points.  Care  must  be  taken  in  further 
extensions  of  the  conversion  coefficient  to  include  not  only  the  case  of  the  "daisy 
chain”  (figure  2 shows  a two  versus  two  "daisy  chain”)  but  also  other  potential 
situations  which  cannot  readily  be  described  functionally  such  as  the 


i "floating  diamond"  in  figure  3. 
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Figure  3 

Air  Combat  "Floating  Diamond"  for  Two-On-Two  Engagements 


I 


Maneuver  Conversion  Model 

16.  The  computation  of  the  two-on-one  ACM  state  is  taken  directly  from  table  IV 
as  obtained  from  reference  1. 

Output  of  Section  Analysis  Program 

17.  An  example  output  of  the  section  analysis  program  is  given  in  appendix  D.  The 
data  are  self-explanatory.  These  data  are  additionally  output  onto  disk  for  use  in 
the  stochastic  analysis  program. 

STOCHASTIC  ANALYSIS 

18.  The  stochastic  analysis  program  takes  the  output  data  from  both  previous 
programs  for  a large  sample  of  data.  Because  of  the  number  of  data  points  and 
calculations  required,  the  program  requires  segmentation  to  fit  most  computers 
(the  program  given  in  appendix  E takes  in  excess  of  250K  storage).  Pertinent 
features  of  the  program  are: 

a.  A file  of  data  management  options  which  allows  the  user  to  selectively 
compute  and  output  data  as  documented  in  appendix  E. 

b.  A frequency  distribution  recovery  subroutine  luing  the  techniques 
developed  by  Ultrasystems  (reference  5). 


5)  Dr.  R.  Curry  and  Dr.  R.  Egbert,  hvestigation  of  Distribution  Recovery 
Techniques,  Operations  Research  and  Economic  Analysis  Development  Department, 
llltras^tems,  bicorporated,  Newport  Beach,  California,  11  Feb  1974. 
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c-  A moment  generating  routine  calculating  the  classical  moments  of 
distributed  functions  with  a given  frequency  distribution  (reference  6). 

d.  An  integration  routine  for  integration  of  equally  spaced  functions  using  a 
combination  of  Simpson's  rule  and  Newton's  three-eighths  rule 
(reference  7). 

e.  A general  plot  routine  for  use  of  the  line  printer  in  plotting  developed  at 
the  NAVAIRTESTCEN. 

19*  The  purposes  of  the  stochastic  analysis  program  are  to: 

a>  Compute  the  frequency  distributions  of  the  continuous  variables  in  time  for 
section  data  and  paired  data. 

b.  Compute  the  first  4 moments  of  these  frequency  distributions. 

c.  Compute  the  maneuver  conversion/conversion  probability  matrix  for 
aircraft  sections  and  pairs. 

d.  Compute  the  time  in  state  frequency  distributions  for  the  maneuver 
conversion  model. 

e.  Compute  the  first  4 moments  of  these  frequency  distributions. 

Stochastic  Analysis  Program  Output 

20.  Full  output  of  the  stochastic  analysis  program  is  too  voluminous  to  present 
here.  Selected  output  for  the  test  run  and  significant  analysis  information  is, 
however,  included  for  documentation.  The  test  run,  while  representing  actual 
engagement  data,  is  for  purposes  of  illustrating  analysis  methodology  only. 
Separate  reports  are  being  written  covering  test  data  analysis  and  conclusions. 

Continuous  Variable  Frequency  Distributions  and  Moment  Data 

21.  Frequency  data  output  at  5 second  intervals  and  for  selected  values  of  the 
performance  index  are  shown  in  table  V for  a sample  data  set.  The  conclusions  to 
be  drawn  from  the  data  set  are  a function  of  the  frequency  value  assumed  to  be 
significant.  For  example,  the  attainment  of  an  optimal  position  (either  best  or 
worst)  will  come  much  less  frequently  than  the  neutral  position.  In  table  V,  if  a 
significance  level  of  .001  is  used,  it  can  be  seen  that  an  optimal  position  will  be 
attainable  for  the  fighter  section  20-30  seconds  into  the  fight  (a  performance  index 
of  vlOO).  This  value  does  not  occur  until  80-90  seconds  for  the  target  (a 
performance  index  value  of  -100).  This  would  indicate  an  early  advantage  to  the 
hgbter  section  and  a recommended  action  to  press  and  exploit  the  early  advantage. 

6)  H.  G.  Kendall,  The  Advanced  Theory  of  Statistics,  Vol.  I.  Hafner  Publishing 
Company,  New  York,  1958. 

7)  System  360  Scientific  Subroutine  Package  (360A-CM-03X)  Version  n 
Programmers  Manual,  International  Business  Machines  Report  H20-0Z05-Z,  White 
Plains,  N.Y.,  1967. 
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22.  For  the  fringe  of  a weapons  envelope  (as  shown  in  table  V)  at  a value  of  -t-80  for 
the  fighter  or  -80  for  the  target,  a significance  level  of  .003  may  be  chosen  due  to 
the  higher  incidence  of  occurrence.  These  values  again  occur  at  20-30  seconds  for 
the  fighter  section  (-^80  performance  index)  and  much  later,  80-90  seconds  for  the 
target  (-80  performance  index)  with  the  same  conclusions.  Further,  the  data 
indicate  a loss  of  this  advantage  in  the  later  stages  of  the  fight  due  to  the  higher 
frequency  of  occurrence  of  performance  indices  in  the  negative  range  after 
90  seconds,  suggesting  it  may  be  desirable  for  the  fighters  to  stay  engaged  for  only 
short  periods  (say  up  to  60  seconds).  The  defensive  disengagement  for  the  fighter 
section  between  60  and  90  seconds  is  the  tactical  defense  to  the  tide  of  battle 
shifting  to  the  bogie.  The  neutral  values  (values  of  performance  index  near  0)  are 
included  for  reference. 

23.  Table  VI  shows  the  statistical  summau'y  data  for  the  data  of  table  V.  The 
variation  of  the  mean  as  a function  of  time  points  again  to  an  early  advantage  to 
the  fighter  section  and  loss  of  that  advantage  at  around  90  seconds  into  the  fight. 
The  variance  shows  that  events  in  the  latter  half  of  the  engagement  are  more 
random  in  nature  (larger  relative  values  of  variance).  That  is,  events  are  less  in 
control  of  either  the  fighter  section  or  the  target  section,  but  not  a significant 
difference.  The  value  of  the  mean  is  indicative  of  the  relative  worth  of  the  two 
sections  and  the  engagements  show  to  be  predominantly  neutral  with  a slight 
advantage  to  the  fighter  section  initially  and  a slight  advantage  to  the  target 
section  later  in  time.  The  overall  conclusion  is  that  the  sections  are  fairly  equally 
matched.  The  third  and  fourth  moments  were  computed  for  later  analysis  and 
model  building. 

24.  Figure  4 shows  the  output  of  the  frequency  of  occurrence  plot  as  a function  of 
performance  index  for  the  start  of  the  set  of  engagements.  Figure  4(a)  shows  a 
tightly  distributed  data  set  in  the  region  of  -16  to  +20  indicating  a neutral  start 
condition.  One  or  more  engagements  are  seen  to  start  with  the  fighter  section  at  a 
disadvantage  as  shown  in  the  secondary  peak  between  -30  and  -16,  and  these 
engagements  should  probably  be  deleted  from  the  engagement  set  for  the  neutral 
start  analysis. 
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Table  VI 

Summary  Statistics  for  Section  Performance  Index  Distribution 


Time 

(sec) 

Number 
of  Points 

Mean 

Performance 

Index 

Variance  of 
Performance 
bidex 

Third  Moment 
of  Performance 
Index  About  Mean 

Fourth  Moment 
of  Performance 
Index  About  Mean 

1 

33 

6.34 

114.37 

-636.67 

56159.57 

6 

33 

12.80 

462.40 

-4176.03 

757210.59 

11 

33 

14.57 

1151.75 

-12832.23 

3800686.85 

16 

33 

13.90 

1570.17 

-19020.63 

6318563.84 

21 

33 

10.42 

1811.55 

-17839.51 

8065442.44 

26 

33 

12.29 

1782.15 

-19620.96 

7975665.77 

31 

33 

8.27 

1491.78 

-1178.67 

5558583.45 

36 

33 

8.14 

1527.16 

-5578.23 

6023055.01 

41 

33 

13.02 

1120.23 

-4447.80 

3593418.53 

46 

33 

11.47 

1198.91 

-5504.27 

3974260.30 

51 

32 

5.99 

807.96 

-4006.78 

1734312.40 

56 

32 

3.55 

847.04 

380.94 

1840745.63 

61 

32 

4.27 

1000.48 

1595.19 

2757920.97 

66 

32 

4.97 

1249.15 

-201.43 

4090099.35 

71 

30 

8.30 

1702.58 

-9678.55 

7107357.44 

76 

30 

7.00 

1850.01 

-7680.61 

8024471.00 

81 

30 

4.25 

1800.18 

-9594.28 

7555697.28 

86 

30 

2.31 

2300.12 

-5018.21 

11336444.27 

91 

29 

-0.77 

2242.77 

1069.86 

11057383.18 

96 

28 

-7.02 

1766.26 

12959.65 

7677819.65 

101 

27 

-8.54 

1871.21 

15561.02 

8432997.65 

106 

27 

-8.12 

1624.86 

14356.95 

6497451.97 

111 

27 

-0.96 

1797.02 

-1663.24 

7357124.42 

116 

27 

-4.89 

1983.82 

8765.20 

8980127.66 

121 

27 

-11.43 

1540.44 

12607.21 

5774302.76 

126 

25 

-6.31 

1789.32 

9495.46 

7541745.63 

131 

24 

-2.79 

1934.10 

5310.66 

8574531.13 

136 

24 

-1.51 

1957.46 

3766.21 

8824056.90 

141 

21 

-1.93 

1927.95 

9173.04 

8660194.07 

146 

19 

-3.53 

2064.53 

9781.27 

9692787.76 

151 

19 

-6.13 

1768.54 

19825.28 

7818620.14 

156 

18 

-7.86 

1930.58 

21118.76 

9156490.34 

161 

18 

-9.46 

1879.12 

19982.05 

8677585.29 

166 

16 

-9.20 

2209.73 

27797.15 

11175677.66 

171 

14 

-10.19 

2369.51 

27960.52 

12478168.37 

176 

14 

-13.59 

2179.04 

31991.96 

11230738.18 

181 

12 

-11.99 

2422.24 

30528.05 

12983093.75 

186 

10 

-16.13 

1456.25 

18236.56 

5761935.46 
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Figure  4 

Performance  Lidex  Distribution  Plots  for 
Two-On-One  Example  Data  Set 


Figure  4 

Performance  Lidex  Distribution  Plots  for 
Two-On-One  Example  Data  Set 
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25.  Figure  4(b)  shows  the  output  of  the  frequency  of  occurrence  plot  as  a function 
of  performance  index  for  a time  25  seconds  into  the  engagements.  As  discussed  in 
paragraphs  21  and  22,  it  can  be  seen  that  for  a signific^mce  level  of  0.003,  the 
distribution  of  performance  indices  lies  between  -54  and  -)-82  which  contains  the 
fringe  weapon  envelope  case  for  the  fighter  section  (+80),  but  not  the  target  (-80), 
indicating  a decided  advantage  for  the  fighter  section  in  this  time  frame.  Thus, 
the  neutral  starts  have  shifted  to  a fighter  section  advantage  during  the  initial 
engagement  period. 

26.  Figures  4(c)  and  4(d)  show  the  reversal  of  this  trend  later  in  the  engagement. 
In  figure  4(c),  the  frequency  distribution  at  87  seconds  into  the  engagements  shows 
that  both  the  fighter  section  and  the  target  section  have  weapon  opportunities 
available.  Figure  4(d),  taken  for  180  seconds  into  the  engagements,  shows  a very 
skewed  distribution  which  includes  weapon  opportunities  for  the  target  aircraft 
but  none  for  the  fighter  section.  This  reflects  the  breakdown  of  the  fighter 
section  integrity  as  engagement  time  accumulates  and  the  resulting  dominance  by 
the  bogie.  At  this  point,  the  fighters  are  essentially  uncoordinated  and  the  more 
maneuverable  bogie  is  selectively  engaging  the  most  vulnerable  fighter  of  the 
section. 

27.  Engagement  dominance  can  be  taken  from  the  cumulative  probability  of 
occurrence  of  performance  indices  at  various  times  during  the  engagements  as 
shown  in  figure  5 for  the  times  corresponding  to  figure  4.  Mathematically,  the 
fighter  section  will  dominate  if  a positive  value  of  performance  index  has  a 
cumulative  probability  of  greater  than  50%.  Practically,  however,  the  split  should 
be  greater  than  51/49  or  more  like  70/30.  As  shown  in  the  figures,  and  taking  the 
split  in  the  value  of  cumulative  probability  at  zero  performance  index,  no 
tendency  to  dominate  is  present  in  either  the  fighter  section  or  the  target  aircraft 
over  the  entire  engagement  time.  There  is,  however,  a mathematical  tendency 
for  the  fighter  section  to  dominate  early  in  the  fight  and  to  lose  this  advantage  to 
the  target  aircraft  later  in  the  fight.  This  is  consistent  with  the  trend  isolated  by 
the  time  history  of  expected  values  discussed  in  paragraph  23.  While  no 
combatant  controlled  the  entire  engagement,  the  initial  engagement  dominance  by 
the  fighter  section  is  a decided  advantage  since  the  fighter  section  will  incur  the 
majority  of  early  shot  opportunities. 
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Figure  5 

Cumulative  Probability  Plots  for  Performance  Indices 
of  Two-On-One  Example  Data  Set 
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Figure  5 

Cumulative  Probability  Plots  for  Performance  Indices 
of  Two-On-One  Example  Data  Set 
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Maneuver  Conversion/Conversion  Probability  Matrix 

28.  Table  VH  shows  the  program  output  of  the  conversion  probability  matrix  for 
the  sample  data  set  as  computed  by  the  methods  described  in  reference  1.  The 
table  shows  the  probability  of  converting  from  the  states  listed  down  the  left  to  the 
states  listed  across  the  top.  For  examplej  in  the  first  line  of  the  table,  the 
probability  of  converting  from  offensive  weapons  to  offensive  state  is  1.0  or  all  of 
the  offensive  weapons  states  in  the  engagement  set  reverted  eventually  to 
offensive  state.  Tlje  trade  off  state  was  not  observed  in  the  data  set  under 
investigation.  That  is,  there  was  no  simultaneous  occurrence  of  one  fighter  being 
in  the  offersive  weapons  state  and  the  other  fighter  being  in  the  fatal  defensive 
state. 


Table  VH 


Conversion  Probability  Matrix  for  Two-On-One  Example  Data  Set 


Section 

State 

Offensive 

Weapons 

Offensive 

Neutral 

Defensive 

Fatal 

Defensive 

Trade  Off 

Offensive 

Weapons 

* 

1.0000 

0.0000 

0.0000 

0.0000 

0.0000 

Offensive 

0.1293 

* 

0.5918 

0.2517 

0.0272 

0.0000 

Neutral 

0.0000 

0.5583 

* 

0.4417 

0.0000 

0.0000 

Defensive 

0.0000 

0.3426 

0.5556 

* 

0.1019 

0.0000 

Fatal 

Defensive 

0.0000 

0.4000 

0.0000 

0.6000 

* 

0.0000 

Trade  Off 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

* 

29.  Several  other  points  may  be  noted  from  table  VIL  From  neutral,  the  fighter 
section  had  a higher  probability  of  converting  to  the  offensive  state  (56%)  than  to 
the  defensive  state  U4%)  indicating  a slight  advantage  to  the  fighter  section. 
Further,  the  conversion  from  offensive  state  to  offensive  weapons  state  occxirred 
13%  of  the  time,  while  the  conversion  from  defensive  state  to  fatal  defensive  state 
occurred  only  10%  of  the  time.  These  numbers,  while  representing  a slight 
advantage  to  the  fighter  section  are  nowhere  near  engagement  dominance  figures. 
Further,  they  must  be  modified  by  the  time  in  state  distributions  as  summarized  in 
table  VSL 
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Table  Vm 

Time  in  State  Summary  for  Two-On-One  Example  Data  Set 


30.  As  shown  in  table  VM,  the  mean  time  spent  in  the  offensive  state  is  somewhat 
less  than  the  mean  time  spent  in  the  defensive  state  for  roughly  the  same  variance 
(same  degree  of  consistency),  thus  offsetting  the  partial  advantage  to  the  fighter 
section.  The  nonparametric  frequency  function  fits  for  time  in  offensive,  neutral, 
and  defensive  states  displayed  the  log  normal  characteristic  referred  to  in 
reference  2.  Figure  6(a)  shows  the  time  in  state  distribution  for  the  offensive 
state. 

f 31.  Time  in  state  distributions  for  the  offensive  weapons  and  defensive  fatal  states 

are  multimodal  and  means  do  not  compare  directly.  Figure  6(b),  the  time  in  state 
distribution  of  the  offensive  weapons  state  for  the  fighter  section,  is  characterized 
as  a bimodal  distribution  which  approximates  the  log  normal  form.  Figure  6(c),  the 
time  in  state  distribution  of  the  fatal  defensive  state  for  the  fighter  section,  is 
characterized  by  a trimodal  distribution  which  approximates  the  log  normal  form. 
The  primary  difference  in  the  two  states  is  probably  characterized  by  the  pilot 
tactics  employed  in  two-on-one  engagements.  The  fitst  peak  in  figure  6(b) 
probably  represents  a transient  or  "flash  through”  computation  in  the  neighborhood 
of  one  second,  while  the  second  peak  (at  8.5  to  9 seconds)  represents  the  tracking 
solution.  The  fatal  defensive  state  (figure  6(c))  shows  both  these  peaks,  together 
with  an  intermediate  peak  which  is  probably  due  to  tiogie  switching'  as  discussed  in 
paragraph  12.  The  target  aircraft,  being  threatened,  in  some  instances  would  not 
complete  the  tracking  solution,  but  hold  the  state  for  some  finite  time  (around 
5 seconds),  fire  a missile,  and  then  switch.  No  such  pressures  to  switch  states  are 
incumbent  upon  the  fighter  section  in  a two-on-one  engagement.  This  interme- 
diate short  duration  peak  could  be  termed  the  'survival  sting'  peak.  This  logic 
would  lead  to  the  supposition  that  a trimodal  distribution  for  offensive  weapons  and 
defensive  fatal  states  would  be  present  in  all  engagements  with  multiple  bogies  and 
multiple  fighters.  The  above  observations  are  based  upon  a small  data  base  and 
must  be  verified  by  further  data  samples. 


Section 

State 

Number 
of  Points 

Mean 
Time  in 
State  (sec) 

Variamce  of 
Mean  Time  in 
State  (sec  ) 

Third 

Moment  about 
Mean  Time  in 
State  (sec^) 

Fourth 

Moment  about 
Mean  Time  in 
State  (sec^) 

Offensive 

Weapons 

18 

2.93 

4.39 

9.74 

68.59 

Offensive 

142 

14.52 

141.52 

2329.60 

96707.36 

Neutral 

153 

18.13 

206.64 

3876.30 

197143.09 

Defensive 

97 

15.30 

136.32 

1862.18 

77235.03 

Fatal 

Defensive 

16 

2.56 

5.08 

14.96 

96.76 

Trade  Off 

0 

0.00 

0.00 

0.00 

0.00 
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Figure  6 

Time  in  State  Distributions  for  Two-On-One  Example  Data  Set 
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32.  The  above  discussion  exhausts  the  conclusions  that  can  be  drawn  directly  from 
the  estimated  values  of  the  mauieuver  conversion  parameters.  Further  analysis«  for 
example,  the  complete  characterization  of  the  imderlying  probability  space  and  the 
estimation  of  the  expected  trade  off  ratio  (the  ratio  of  the  probability  of  a win  to 
the  probability  of  a loss),  requires  the  methodology  described  in  reference  8.  Since 
the  techniques  are  adequately  described  in  reference  8,  they  will  not  be  repeated 
here. 

33.  At  this  point  in  the  analysis,  the  semi-Markov  process  of  the  maneuver 
conversion  model  is  defined,  and  when  integrated  with  the  weapon  employment 
parameters,  the  full  range  of  ACM  measures  of  effectiveness  including  exchange 
ratios,  survivability  and  dominance  indices,  etc.,  can  be  computed.  These  terms 
are  treated  in  detail  in  references  1 and  8.  The  stochastic  process  of  the 
performance  index  is  only  partially  defined  and  is  still  in  the  developmental  phase. 

MODEL  VALIDATION 

34.  The  question  of  model  validity  may  be  addressed  at  two  levels.  The  first  level 
is  consistency  of  conclusions  drawn  from  the  differing  analytic  techniques.  The 
above  discussions  demonstrate  this  consistency  for  the  data  set  under  considera- 
tion. The  authors  believe  that  the  two  models  are  equally  right  or  equally  wrong. 
Thus,  validation  is  reduced  to  determining  if  either  model  characterizes  ACM 
correctly.  An  indication  of  this  validity  has  already  been  obtained  by  noting  the 
consistency  of  the  common  conclusion  set  with  the  intuitive  evaluation  of  the 
participating  aircrews.  A formal  mathematical  validation  may  be  obtained  by 
comparing  the  tactical  measures  (listed  in  reference  1)  as  estimated  from  the 
computer  solution  of  the  semi-Markov  process  and  as  estimated  directly  from  the 
data  sample.  Although  this  has  not  been  done  for  this  data  sample,  a valid 
comparison  has  been  described  in  reference  8. 


8)  R.  A.  Oberle  and  W.  R.  Nunn,  Evaluation  of  Air  Combat  Maneuvering 
Engagements,  CNA  Study  No.  77-3,  (to  be  published). 
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CURRENT  RESEARCH 


3S.  The  above  discussion  summarizes  some  of  the  early  research  into  the 
evaluation  of  test  range  ACM  engagements.  Work  is  continuing  toward  the 
development  of  a completely  mathematical  characterization  of  such  engagements. 
Specifically,  the  investigations  are  directed  toward  a complete  characterization  of 
the  underlying  probability  structure  for  which  the  performance  index  and 
conversion  coefficient  are  natural  realizations.  The  numerical  techniques  discussed 
above  not  only  provide  tactically  significant  data  interpretation  techniques  but  also 
serve  as  the  initial  technical  tools  to  support  the  ongoing  research.  Further 
numerical  techniques  which  are  expected  to  be  useful  for  data  interpretation 
include  a full  nonparametric  covariance  and  increment  analysis  along  with  selected 
distribution  fitting  analyses.  The  current  research  emphasis  centers  around  a 
characterization  of  the  performance  index  as  a solution  of  a stochastic  differential 
equation.  It  is  expected  that  such  a characterization  will  identify  a few  stochastic 
parameters  that  will  serve  to  replace  the  mass  of  numerical  calculations  currently 
necessary  as  well  as  identify  the  theoretical  connection  between  the  maneuver 
conversion  and  the  performance  index  models. 
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i.  PPINDX. 

PlLEsP'^IfUi  : -Oi'\'}'76  10:22  Hfl. 

100  lERPMES 

cOO  =ILE  5=PWDV.Unl  T=PRIHTEP  SmCHJP  DISK 
500  PILE  4=ppp,(JrtlT  = DlS‘^ 

400  FILE  i='iCM,UrUT=DISK 
■SOO  FILE  3-CHST»'JMIT  = DI  SK 
■r«00  FILE  l=TRMNL.iJNIT=PE''taTE 
700  INTFiSEr  X 
500  PERL  K 

500  DltlEttSIOM  TITLE  <^0) 

?10  Dt-'lEHSIDfl  ISTRTC'SOO' 

1000  DlflEMSIQM  STftTEv'SOO' 

1100  DIMEMSIOM  B£‘:^00' •mR>  ‘500> 

1500  DRTh  BLRrlk.naT.  STRR.XXX-^"  " t X" 

1300  DRTR  PLUS' 

1400  ORTft  QF\,iep,aFF.DEF.MUT«DFFRT'"iJ"  ■«  » "D"  » -- 

1410  C- 

1430  C-  DftTR  FOR  ROM  STRTE  CRLCULRTION  iJ*OFF£NSIVE  i.lEflPDM  STRTE 
1430  C-  I a=OFFENSlVE  STRTE 

1440  C-  N=NEUTRRL  STRTE 

1450  C-  ri=DEFeNSIVE  STRTE 

14o0  C-  F=OEFENSIVE  FRTRL  STRTE 

1470  C- 
1430  C- 

1500  DIMENSION  P <500) » K t500>  * FRMG <500>  » DR <500)  . PI <500) 

1300  DIMENSION  ESI  <500) 

1700  DIMENSION  ES3  <500) 

1300  DIMENSION  ROT  <500) 

1300  DIMENSION  RTR  <500) 

1350  IFIL*1 
1360  PRINT  433 

1370  433  F0RMRT<5X» "ROM  MRNV  FILES  RM  1 LOOKING  RT") 

1330  PERD<1.')  NFIlES 

3000  KDUNT=1 

3100  RERD  <5. ')  PMRX 1 . RMRXE, PORT  1 . ROPT3*  ROl » P03»  PGl » RG3. EDEVl . EDEV3. 
3110  C- 

31 15  -FGl . FG3. RTROF , ROTOF. RIWEP. R3WEPf RNUT* RTRWEP» ROTMEP 
3130  C-  SEE  TEXT  FOR  EXPLRNRTIDN  OF  THESE  NUMBERS 
3130  C- 

3300  PRINT  434 

3300  434  F0PMRT<5X. "MHEPE  DO  YOU  URNT  DRTR  OUT.  l*HERE»  5'»PRINTER" . 

?000  -"OTHEPS=NONE") 


3100  R£RD<1.^»  IPPINT 

3300  PRINT  435 

3300  435  FaFNRT«5X.">.HERE  DO  YOU  URNT  R GRRPH,  1=HERE»  5*PRINTER". 

34  00  -■•OrHERS*NaNE") 

3500  RERD<1.')  IGRRF 

3510  36  CONTINUE 

3513  KDUNT»1 

3515  RERD  <3.  -')  N>  <P  < I > t I = 1 , N)  • ' ESI  < I » * I = 1 * N)  . <ES3  <1 ) » I »1  • N) » 
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330  0 
' 3 0 0 
4 0 0 0 
4 \ 0 0 
4110 
4i00 
4300 

45ii0 
4o  0 0 

4roo 
4 5 0 0 
4 3 0 0 
431  0 
4 330 
4 355 
4330 
5000 
5010 
5050 
5030 
5100 
5500 
5510 
5550 
5530 
5300 
5400 
5500 
5300 
5700 
5300 
5900 
oOOO 
3050 
3030 
307  0 
3050 
3100 
3200 
3510 
3550 
3550 
354  0 
3300 
-.400 
3410 
t420 
•:.4  30 
3440 
3450 
3500 
33  Ou 
3ol  0 
^■350 
3330 
33*0 
3350 
r.700 


3‘57  Ca'lTIMLIE 

MCI  TE  < IPPirlT.  1003*  vTITLEa'  • 1 = 1.50) 

1 ij  0 3 P nP'lH T 1 1 H 1 . 1 OX . 5 Oh  1 ) 

iilP*  ITEv  IP'P1)^T.444)  PH-(X1.  P)'1'hX2  ■ PQPT  1 .PQPT5.  POl  .P05.P31  .P*35* 
-3DEV1 . EDEV2.P'51  .FGS.RTPiaP.HDTQF.  3(Ti=lMcp.P(aTMEP.P5MEP»PlWEP.PNUT 
444  PQPMRT  <.1  OX.  IMP'JT  OOMSTFlf^TJ  FQP  THIS  RUM".  ' 


• FI3HTEP 

■ FI3HTEP 

• fighter 

■ FI'SHTEP 

• FIGHTER 

■ fighter 

•aFFfMSI  y'E 

'□FF  mep 


□FFEMSIVE  mhx  rhmge 
QFT  MISSILE  PHMGE 
MINIMUM  RHMGE  ‘ 3UM) 

GUM  envelope  pMHX 
EMFPG'.'  PELEVEriCE 
IMTEP-EMVELDPE  PEMHL 
RTR=" . FI  0. 1 . " RQT  = ".F10.1 
RTi-(="  .Fli.i,  1 . "ROT  = ".Fli_i,  l^ 


. r 1 0 . 1 » 
.FIO.  1. 
. F 1 0 . 1 > 
. F 1 0 . 1 . 
. FI  0. 4. 
.FIO. 4. 


Tr|R'5ET 
TRRGET 
TARGET 
T HR GE  T 
TRRGET 
TRPGET 


=".F10.l./ 
= ".F10.  1. 

= ".F10, 1.  ' 
= ".F10.  1.  ' 
=".F10,4. ^ 
= ".F10.4».' 


-lOX. 

- 1 M X . 

- 1 0 : . 

- 1 0 X . 

- I 0 X . 

- 1 0 > ' . 

-1  ox. 

-lOX. 

-1  ox. "OFF  MEP  RMHX=",F10. 1. "RMIN=".F10. 1. ■ 

-1  OX.  "FIGHT  MUETRFIL  BEYOMD"  . FI  0.  1 . " RRNGE"  ) 

IF'IPPINT.EO. 1>  URITE  <1.30' 

I F a RR I NT . EQ . 5 ) UR  I TE  <5. 30 1 ) 

301  FORMRT  <5:X.  " TIME  RRNGE  ROT  RTR  NRi3«l  NRG«5  DIR  RNS"  * 
-"  NRG  FN  PNG  FN  PERF  INDEX  STRTE") 

30  FORMRT (5X? "TIME  DIR  RNG  NRG  FN 

-"PERF  INDEX"."  STRTE") 


RNG  FN"»4X. 


C-  COMPUTE  RCM  STRTE 
C- 

100  DO  10  I=1.N 
STRTE ‘ I ) =NUT 

IF<RTR<I)  .LE.RTROF.RND.ROTXD  .LE.ROTOF)  STflTEa>*OFF 
IFCRTRH)  .LE.RTRUEP.RND.ROT<I)  .LE.RDTWEP.RNO.RCI')  .GE.PIUEP.RND. 
-R(I>  .LE.R5WEP)  STRTEa  '-OFWEP 

IF<RTR<I)  .GE.  <130.-R0T0F)  .RND.ROTa  .'  .GE.  <190. -RTROF)  ) STRTE  <D*DEF 
IF<RTR(I) .GE. <180.-ROTWEP> .RND.ROT<D .GE. <130. -RTRWEP) .RND. 

-R<I ) .GE.PIUEP.RND.R*'!)  .LE.P5UEP)  STRTE < I > =DEFRT 
IF<R<l).6T.RNUT)  STRTF<I)«NUT 
C- 

C-  COMPUTE  NDRMRLIZED  DIRECTIONRL  RNGLE 

c- 

DR<I)=100.*<<130.-<ROT<I)4-RTR<D)>  ^130.  ). 

IF<DR<I)40>  15.55*55 
C- 

S-  BRRNCH  ON  DIRECTIONRL  RNGLE  PLUS  FOR  OFFENSIVE  FIGHTER 
C-  MINUS  FOR  DEFENSIVE  FIGHTER 

15  CONTINUE 

PMR'X=RMRXS 

R0PT=P0PT5 

PO»R05 

RG*RG5 

FDEV=F[ip..^2 

FG»FG5 

G'O  TO  45 

55  RMRX-RMRXl 

PO=’T»ROPTl 

»0=»01 

PG»RG1 

fdfv=fdev1 

FG=fgi  • 

45  IFvRG.EQ.POPT.aR.PG.Fi.T.PO.OR.FG.EO.O.  ) GO  TO  35 
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•i  7 1 n c - 

-:.'20  C-  CGMP'JT'^TiaH  OF  PERFQPMvtMCE  I!MDE.’< 

U C - 

•£.£,110  =-'-iTF==i5'  •;  vPi5  -'P1i=<X'  ♦ <■  <;Pi3-POFT)  'RMRX*  (RG-PO)  /'Rl'HX)  ♦*2  * 

£.500  GO  TO  55 

rooo  35  =;tp=o. 

rt'.iO  55  GsRTP 

7300  E=  ■ 5(~pQPr5 

* T-iOO  C=  ' G-PO  ■ PMGX 

7400  D=EXP  ' -.3.  ♦ T <G-RG)  .'PORT ' ♦♦£) 

7500  £=P  STR*R/'Rf'1GX*  > 

7G00  PP"iG*  I =E-*-l . . ■*■500.  ♦EXP<-12.  *6)  > 

7700  iSD=ESl  (D-ES^TI  - 
7300  1 5E=  <ES1 <I > +ES2 ' I > > '2. 

7300  DES=ESli^EiP 

3o00  GEE=  <2. ♦PCI ) -RMRX-ROPT) / CRMflX-POPT) 

5100  EFF^*EHEV*EXP  v-4.  ♦GEE**2) 

■3200'  ECH=l.  ' (l.-*^EtlEV*EXP<-G.'31*R<n  'R0>> 

■3300  <^I)  = 1.-KECH-4EFF-1.  >*t»ES 

3400  IFfDG<I)>0» 17» 18» 13 
3500  17  K<l)=l..^t<a> 

5G00  13  CONTI HUE 

3700  PI  (I3=Iift<I'>*Ka)*a.-FPNG<I>> 

3500  IF<IPPINT.EQ. l.QR. IPRINT.EQ.5>  GO  TO  983 
3'300  GO  TO  10 
9000  933  CONTINUE 

9200  IF<K0UNT.E0.45>  WRI TE  < IPRINT.  1 003>  <TI TLE  <K.K>  »KK«1  »50> 

3500  IF<.kOUNT,EQ.45.3ND.  IPPINT.EQ.5>  WRITE <5»301> 

9310  IF<K0UNT.EQ.45.flND. IPRINT.EQ. 1>  WRITE<1»30> 

9400  IF<K0UNT.E0.45'  KOUNT»0 

3500  kOUNT»*cOUNT-4l 

9550  IFCIPPINT.EQ.5)  WRITE<5>273)  I » R <n * flOT <I> . RTfl<I) » ESI <I) »ES2 <1> » 
3530  -113(1)  .K<n  .FRNG(I)  *PI  (I>  »STfiTE<I> 

9570  273  F0PM3T(3X. I3»2X. 15. 2 (2X. 1 3) » 2 <2X. 15) . 2X. F3. 2. 2X.F7. 4. 

9530  -P7.4.2X.F10.2.5X.31) 

9300  IF(IPRINT.EQ.  1)  WRITEd.20)  I . Dfl  <I).  K <I ) . FRNG  (I)  .PK1>  . STRTE  <I> 
9700  20  F0Pf1flT(5X. I4.3X.F7.2.3X.F3.4.4X.F3.4»4X.F10,2.5X.fll> 

9300  10  CONTINUE 

9900  K0UNT=1 

10000  IFdGRflF.EQ.  l.OR.  IGR3F.EQ.5)  GO  TO  985 
10100  GO  TO  33 
10200  935  CONTINUE 

10210  C- 

10220  C-  BEGIN  C0NPUT3TI0N  FOR  SRGPHICflL  OUTPUT 

10230  C- 

10300  NT=1 

10400  DO  44  1 = 1 .rl 

10500  44  HGd)=PI  d> 

IU300  <.IPITE'^IGP3P»2222) 

lO'OO  2222  FaRN3T(lHl) 

1O300  MPITEdGPGF.  1003)  (T I TLE < I ) . I =1 . 50) 

10900  '.IPITEdGRGF,  1114> 

llOOO  1114  P0PN3T (25X. "♦  pEPFOPMGNCE  INDEX"./ 

11100  -. IX.  'T-.aSX."*  DIPECTIONGL  3NGLE") 

1 1 ?0i)  '>*9  1 TE  ( IGR3F . 90) 

1 1 300  90  FQPMGT  (IX.  I".  1 X.  "S".  /IX.  "M".  IX.  "E".  3X. 

11400  00"  . 2X.  “-GO"  . 2X.  "-30"  . *X.  "-40".  2X.  "-20"  . 

1 1 5oO  - 3 X.  " 0"  . 3X.  " 420" . 2X.  " +40" . 2X.  " >30"  . 2X.  " •4’30" . 2'X*  "4100") 
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itrosi 

• CflHTTWUe  • 

t(4|h6-  fib  J«t0«40>5 
»20«o  K<J>-Pi.ys 
tatitt  M6  cghtimoe 

122*0  «RlT6tIt5RflP»r7>  <BE<J> » J«10*60> 

12300  77  FORMAT <1X,."E"»  IX.  ”C”.5X.r5lfll> 

12400  DO  88  I«1*M 
laOOO  DO  99  J«10.60 
12600  BE<J>-BL«MK 

12700  99  COriTINOE  V 

12800  BE<35>«DQT 
12900  BE<60>»STflTECI> 

13000  BE<10)*ST«TE<I> 

13100  IF<Dfl<.n.GT.99.9.0R.Dfi<I>.LT.-99.9>  GO  TO  4123 

13200  IK».25*Dfl<I>+35.5 

13300  BE<IK)«PUJS 

13400  GO  TO  4133 

13500  4123  BE <35 > -XXX 

13600  4133  CONTINUE 

13700  IF<Rft<I> .GT.99.9.0R.R8<I> .LT.-99.9)GD  TO  9376 

13800  J-.25*«A<I>+35.5 

13900  BE<J>«STRR 

14000  GO  TO  7654 

14100  9876  BE<35>-XXX 

14200  7654  CONTINUE 

14400  IF<K0UNT.EQ.45>  WRITE <IGR«F. 1 003>  CTITLE <KK> . KK-1 . 50> 
14500  IF<K0UNT.EQ.45>  WRITE <IGRRF. 1 1 14) 

14600  IF<.K0UNT.EQ.45>  WRITE  <IGRRF.  90) 

14700  IF«0JNT.EQ.45)  KOUNT-0 
14300  KOUNT-KOUNT+l 

14900  WRITECIGRAF. 11)  MT. <BE < J) . J-1 0. 60) 

15000  11  FaRMRT<I4.5X.51fll) 

15100  MT-MT^l 
15200  33  CONTINUE 

15210  PRINT  411.IFIL 

15220  411  FORMAT <5X.  “RNOTHER  FILE  DONE  I'4) 

15230  WRITE <4. 786)  N 
15240  736  FORMAT <2X. 14) 

15250  Wi>ITE<4.735)  <TITLE<  JK)  . JK-1.50) 

15260  735  FQR(1AT(2X.50A1) 

15270  DO  42  I-l.N 

15280  IF<RBS<PI  <D  > .GT.99.9)  PKD-O. 

15290  42  CONTINUE 

15300  WRITE^4.739)  (PI < I > . I-l . N' 

154U0  739  FOPflRT<50<2X.9^Fr6.2,~,"»,F6.2^)> 

15410  DO  1141  J-l.N 

15420  IF<STATE<J>  .EQ.O^W£P»  ISTATU>»1 
15430  IFrSTRTECJ' .EO.OrF)  ISTflT<ji-2 
15440  IF<STAT£^.t>  .E9.NUT>  I3TRT<J>»3 
15450  IF  .^^3TRTE<J?.E9.D£F)  ISTRT.  J>-4 
15460  1FC>T«TE''J>  .EO.  DEFATS  ISTRT<J**5 
15470  1141  CONTINUE 

15500  WRITE^4.790«  < I STAT U » . I -1 . N) 

15600  7^0  FORMAT<50<2X.9<I1.".")^I1'')) 
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IFIL  = 1FIL+-1 

15650  IF<IFlL.L£.riFILES'>  GO  TQ  36 
15700  PRINT  3111 

15300  3111  Fa(?.M3T<^^^.''/  '^/''  '5X.  "REQUIRED  FILE  KEEPING  TQ  SRVE  DPTAnn 

. IS-’V 

15900  -"LORD  YOUR  DRTR  FlLE"/"FlDD  REF "/'"SRVE'V" REMOVE  REFfRCM"/- 
16000  -••MRk.E  mCM  RND  REF‘V"SRV£"/'^/'/'/'"TH-Trl-THflTS  FtLL  FQlKS"> 

16100  3765  CALL  EXIT 

16200  END 


END  QUIXL2T  4.2  SEC. 
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TM  77-2  SA 


PAIRED  ANALYSIS  PROGRAM  OUTPUT 
FOR  EXAMPLE  DATA  SET 


APPENDIX  B 

■ I 

J 


TM  77-2  SA 


P PFlriDX_ 


HQM  riRNY  FILES  RM  I LODKlHiS  RT 

i.OHEFE  DO  VaU  I.IRMT  DRTR  aiJT?  1=MEREj  5=PRIRTEPGTHEF‘=NaME 

' 1 _ 

'.■HERE  no  VQiJ  MRNT  R GPRPH.  1=HEPE?  =;=PPINTEPaTHPPS=NGNE 

'i. 
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TM  77-2  SA 


'5  3V  !=i-Cl  F4  TQ  R^C3 

R4  □NE-QN-DNE 

R1M553Y  R'Cl 

F4  TO  R^C3  R4  ONE 

-QN-QNE 

IMPlJT  CORSThMT 

S FOP  THI 

S RUN 

=IGHTEP  nFFSMilve  RRX 

RRNGE 

24000, 0 

TRRGET 

= 

30000. 0 

FIGHTEP  OPT  MISSILE  PRMGE 

6000. 0 

TRPGET 

3 

7500. 0 

FIGHTER  MirUMUM  PRNGE 

•:;gun> 

500,  0 

TRRGET 

S 

30  o'  0 

FIGHTEP  GUM  EM'VELQPE  RMRX 

3000. 0 

TRRGET 

3 

3500. 0 

FIGHTER  ENERGY  RElEVENCE 

0.5000 

TRRGET 

3 

0.7500 

FIGHTER  INTER 

-ErWELDPE 

PENRL 

0. 0250 

T RRGET 

3 

0. 0500 

□FFENSIVE  mTR= 

bO. 

0 ROT= 

90.  0 

QFF  i.IEP  HTR  = 

5. OROT= 

40.  0 

OFF  I.IEO  PMRK  = 

9000. 0RMIN= 

3000. 0 

fight  NUETRHL 

DEYOriD 

13000,0  RRNGE 

TIRE 

DIR  RNG 

NRG  FN 

RNG  FN 

PERF 

INDEX 

STRTE 

1 

20.  00 

1 . 0360 

0. 0500 

19.63 

N 

2 

23.  33 

0.9333 

0. 0277 

21.17 

M 

3 

26.  11 

0.9572 

0. 0163 

24.57 

N 

4 

23.39 

0.9942 

0.0113 

23.39 

0 

5 

31.67 

0.9946 

0.0036 

31.22 

□ 

6 

34.44 

0.9946 

0.0075 

34.  00 

□ 

7 

36.11 

0.9933 

0. 0075 

35.62 

□ 

3 

33.39 

0.9943 

0. 0064 

33.42 

N 

a 

4 0.  56 

0.9839 

0. 0101 

39.70 

N 

10 

40.56 

0.9846 

0.0127 

39.43 

N 

1 1 

41.67 

0.9811 

0.0159 

40.23 

N 

12 

41.67 

0.9785 

0. 0196 

39.97 

N 

13 

40.56 

0.9792 

0. 0237 

33.77 

□ 

14 

41,67 

0,9793 

0. 0272 

39.71 

□ 

15 

41.67 

0.9825 

0. 0297 

39.72 

□ 

16 

42.22 

0.9339 

0.0307 

40.27 

a 

17 

43.33 

0.9879 

0.  0293 

41.54 

□ 

13 

43.39 

0.9904 

0.0271 

42.29 

□ 

1? 

43.39 

0.9943 

0.  0231 

42.65 

□ 

20 

45.  00 

0.9989 

0.0187 

44.  11 

□ 

21 

44.44 

0.9999 

0.0143 

43.30 

0 

22 

42.73 

1.0016 

0. 0105 

42.39 

□ 

23 

42.73 

1. 0013 

0.0075 

42.53 

□ 

24 

37.78 

1.0016 

0.  0053 

37.64 

N 

25 

34.44 

1.0012 

0.0037 

• 

34.36 

N 

26 

29.44 

1.0008 

0. 0027 

29.39 

N 

27 

26.67 

1.0006 

0.0020 

26.63 

N 

23 

24.44 

1.0005 

0.0013 

24.41 

N 

23 

25.00 

1.0004 

' 0.0023 

24.95 

a 

30 

22.73 

1.0004 

0.  0027 

22.73 

□ 

31 

20.56 

1.0005  • 

0. 0023 

20.52 

N 

32 

13.33 

1. 0003 

0.0013 

13.31 

N 

33 

21.11 

1. 0012 

0. 0019 

21.10 

N 

34 

20.  00 

1.0013 

0.  0024 

19.99 

N 

35 

15.  00 

1. 0035 

0.  0031 

15.01 

N 

36 

20.  00 

1.0053 

0. 0040 

20.  02 

N 

37 

15.56 

1.0077 

0.  005  3 

15.59 

N 

33 

15.  00 

1.0126 

0. 0070 

15.03 

N 

39 

12.78 

1.0177 

0.  0091 

12.39 

N 

40 

11.11 

1 . 0245 

0.0115  ■ 

11.25 

N 

41 

9.44 

1.0323 

0. 0143 

9.62 

N 

42 

6.67 

1.0400 

0.  0171 

6.32 

N 

43 

3.39 

1 . 0472 

0.  0197 

9. 12 

N 

44 

9.44 

1.0501* 

0.  0220 

9.70 

N 
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TM  77-2  SA 


31M553Y  3^C1 

F4  TO  R'C 

3 84  GME 

-QN-aME 

TIME 

DIR  3M'3 

MRG  FM 

RHij  FH 

PERF  IMDEX 

ST8TE 

45 

7.22 

1 . 0556 

0. 0237 

7.44 

N 

4'i 

5.  00 

1 . 0573 

0. 0244 

5.  16 

N 

47 

4.44 

1 . 0602 

0. 0242 

4. 6u 

M 

43 

2.  73 

1 . 0537 

0. 0231 

2.37 

H 

43 

0.  00 

1.0573 

0.0214 

0.  00 

N 

50 

-1.67 

0.3765 

0. 0065 

- 1 . 62 

tl 

51 

-7.22 

0.  3779 

0. 0060 

-7.02 

N 

5£ 

-12.22 

0.9737 

0. 0054 

-11.90 

N 

53 

-13.33 

0.9737 

0. 0049 

-13.41 

N 

54 

-24.44 

0.3796 

0. 0046 

-23. 34 

D 

55 

-23.33 

0.  3732 

0. 0044 

-23. 16 

D 

53 

-35. 00 

0.  3773 

0.0044 

-34. 03 

D 

57 

-40.56 

0.3753 

0. 0046 

-39. 37 

D 

53 

-47.22 

0.  3712 

0.0050 

-45.63 

D 

53 

-52. 22 

0.  3656 

0. 0057 

-50.  14 

D 

60 

—57. 73 

0. 9590 

0. 0066 

-55. 05 

D 

61 

-57.22 

0.9493 

0. 0073 

-53.33 

D 

62 

-61.11 

0.9334 

0. 0093 

-56.31 

D 

63 

-64.44 

0.9236 

0. 0113 

-53.35 

D 

64 

-67.22 

0.9073 

0. 0133 

-60. 15 

D 

65 

-72.22 

0.3377 

0. 0163 

-63. 03 

D 

66 

-73.33 

0.3543 

0.0233 

-61 . 66 

D 

67 

-75.56 

0.3365 

0.0239 

-61.33 

D 

68 

-75.00 

0.8173 

0. 0346 

-59. 17 

D 

63 

-75. 00 

0.3045 

0. 0412 

-57.35 

D 

70 

-73.33 

0. 7832 

0. 0431 

-55.51 

D 

71 

-72.22 

0.7788 

0. 0549 

-53.16 

D 

72 

-70. 00 

0.7697 

0.0620 

-50.53 

D 

73 

-63. 33 

0.7574 

0. 0690 

-43. 13 

D 

74 

-66. 67 

0.7510 

0.0755 

-46.23 

D 

75 

-65. 00 

0. 7432 

0.0313 

-44.38 

D 

76 

-62.22 

0.7411 

0. 0363 

-42. 13 

D 

77 

-61.11 

0. 7433 

0. 0901 

-41.70 

D 

73 

-58.83 

0.7533 

0. 0931 

-40.43 

D 

73 

-57.22 

0.7677 

0. 0353 

-33.74 

D 

30 

-55.56 

0.7745 

0. D965 

-33.37 

D 

81 

-54.44 

0.7752 

0. 0365 

-33.13 

D 

32 

-54.44 

0.7733 

0. 0353 

-33.07 

D 

33 

-53.33 

0.7725 

0. 0343 

-37.31 

D 

34 

-51.67 

0.7747 

0.0922 

-36. 34 

D 

35 

-43.44 

0.7761 

0..0333 

-34. 96 

D 

36 

-45. 00 

0.7339 

0. 0333 

-32. 32 

D 

37 

-40. 00 

0.7907 

0. 0790 

-23.13 

D 

33 

-34.44 

0.7979 

0. 0744 

-25.44 

D 

33 

-31.67 

0.3052 

0. 0702 

-23. 71 

n 

R1M553V  8' Cl 

F4  TO  84  QME- 

-QN-aME 

TIME 

DIR  8M8 

MRG  RM 

RMij  FN 

PERR  INDEX 

ST8TE 

30 

-28.33 

0.3061 

0. 0672 

-21.31 

D 

31 

-23.33 

0.3109 

0. 0652 

-17.63 

N 

32 

-18. 33 

0.3173 

0. 0633 

-14.05 

N 

93 

-15.56 

0.3200 

0. 0626 

-11.36 

34 

-10.56 

0.3236 

0. 0625 

-3.15 

N 

35 

-7.  73 

0.3260 

0.0632 

-6.02 

N 

96 

-4.44 

0.3253 

0. 0643 

-3.43 

N 

37 

-1.67 

0.3271 

0. 0673 

-1.23 

H 

33 

-0.56 

0.3272 

0. 0716 

-0.43 

N 
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TM  77-2  SA 


1 


r 

I i 
■1  £ 
■?  0 
?1 

?4 


99 


--  n 9 94  0NE-34-G.4£ 

» -•£-■- GS''19N;.£  I'4C'£.>! 

♦ [iT-'£:m*HL  9f5LE 


- 1 0 0 
L' 

•M 

N 

G 

ri 

H 

r4 

H 

9HQTHER 


-90 


FILE 


- 0 - 4 0 -z  0 0 

♦ 

+ ♦ . 

♦ . 
♦ . 
♦ 

DGHE  I 


+ S0  +-4  0 •♦•£•0 


•90 


+•1  00 
D 
'A 

.-4 

G 

H 

■i 

H 


REQUIRED  FILE  KEEPING  TO  SRVE  DRTfl  I S- 
LJ9D  YOUR  DhTR  PIlE 
hdd  ref 
•IRVE 

FEMGVE  REF,RCM 
'■1R‘<E  RCfl  RHD  R£F 
IRVE 


TR-TW-THRTi  RlL  FO.i'-i 
£M[i  =ciMDS  14.9  SEC. 
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TM  77-2  SA 


-r_5:iE';T12  -03  lt.'7'i  10:01 


1 •*»  0 

I2RRM 

lES 

■■  0 1 j 

- Il-E 

1 

N * '(  0 

RILE 

p 

4 n u 

•-'ILE 

3 

“•  0 '*• 

RILE 

4 

-mO 

RILE 

CJ  . 

- 1 r. 

C- 

-15 

•r-  REFEi 

c- 

1 

■:  - 

£■ 

-■•4  0 

3- 

-•5  U 

c- 

r r»  0 

cari£ 

NS 

500 

-esaa 

',51 

0 0 

-TITLEl 

. iJH  I T = D I 


.Ei  KCFEPEMCES 

M3TC  ffPT  :3-C3P-76  OF  36  JAM  1376 
H3TC  PPT  TM-76-liH  OF  16  JUL  1976 


♦♦♦♦♦♦♦♦♦♦  PEFFPEMCE5 


274  DF  NQV  1374 


C- 

c- 
c- 
c- 
c - 
607  C- 


1 000 
1 1 00 
1200 
1300 
1400 
1500 
1600 
1601 
1602 

1603 

1604 

1605 
1 6 06 
1607 
1603 
1610 
1620 
1630 
1640 
1700 
1300 
1300 
2000 
2100 
2200 

2 5 0 0 

3 •»  0 0 
2450 
2455 
2460 
2465 
2*70 
2430 
2 425 
2 430 
2500 
2700 
23o0 


i PI <500> .P2<500> .ESI  1 <500> ,ESlSf500» ,ES21  (500) . 
»F(QT1  '500'  »RaT2(500)  •RTFll  (500)  «3Ti42(500)  > 

))  •TITLE2(50'  .PI  1 (500)  .PI2(500) . ISTFiTl  <500>  • 
-1ST3T2(500) »PI5(500) .PHI (500) . STATE (500> 

DIHEHSIGM  mH(500) .BE(500) 

D I MEN  SIGN  CaNCD(500') 

DIMENSION  ISTRT(500) 

DATA  BLANK. DOT. STAP.XXX.PLUS' " . ••.•••".  "X" . "k" 

DATA  DOLL^"*"^ 

DATA  OFMEP. OFF . DEF. NUT. DEFAT. TPADE/"W . "O" • "D” . "N" . "F" . ■ 


T"/ 


MANEUVEP  CONVEPSION  DATA 


W=OFFENSIVE  HEAPONS 

a»OFFENSIVE 

N*NEUTPAL 

D»DEFENSIVE 

F»FftTAL  DEFENSIVE 

T*TRADEOFF 


MANY  files  am  I LDQKIM5  AT  " ) 


DO  YOU  HANT  DATA  OUT.  INHERE.  5»PPINTEP". 


DO  YOU  WANT  A 5PAPH.  l«HEP£.  5»PP INTER". 


PRINT  433 

433  FORMAT (5X. "HOW 
PEADd*^)  NFILES 
IFIL=1 
PRINT  434 

434  FORMAT (5X. "WHERE 
-•■DTHEPS*NONE"’) 

PEADd.'')  IPRINT 
PRINT  435 

435  FORMAT (5X. "WHERE 
-"OTHERS^NONE") 

PEADd. -')  I'SRAF 
WPI  rEd.775* 

36  CONTINUE 

775  FaptiAT(2X."'5D  TO  SLEEP.  I WILL  CALL  WHEN  I AM  READY"') 
C- 

C-  BE'jlN  INPUT  FROM  PERFORMANCE  INDEX  PRO'jRAM 
r-  FAIR  1 DATA  IS  LOCATED  IN  DISK  FILE  ACM 
r_  pftip  2 of,TA  IS  LOCATED  IN  DISK  FILE  BCM 

READ(2»^>  N1 

READ(£»123'  (T I TLE I » I ' * I » 1 . 50» 

123  FORMAT  (5 UAD  • 
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TM  77-2  SA 


a 


£?0f'  /)  <PI1  «.0  . I = 

?000  »EhD<2.  '>  aSTflTKI)  * I = l»Nl"> 

3100  > N2 

3300  PERD<.3»123*  <CTI TLE2 (.1 ) * I = 1 » ‘50> 

3400  »ERIK3?  '>  <.PI2  <1 ) > 1 = 1 » M2'» 

5'=i00  PERD<3*'''*  aSTRT2<I  ■ . I = 1»N2) 

?>300  '1=M1 

3700  IP*.H2.LT.M1<  M=H2 

o300  PHIT=0.  ( 

3310  C- 

5320  C-  BEGIN  CONPiJTRTION  OP  iECTION  PERPaPNRNCE  INDEX  BY  , 

3330  "IRGNITUDE  S'JN  NETNOD  0^  PEFEi^ENCE  2 

3 34  0 L - 

?3o0  DO  10  I=1»N 

4 000  PI  1S0=PI 1 < I > ♦RBS vPI 1 < I » • 

4100  PI230=PI2' 1 ) ♦RBi  '.PI2a  > > 

4200  P«D=RBS<PI13C!+PI2S04 
4300  IP  *.3BS ‘RPlD>  . LT.  0.  1 > PIS>'I>=0. 

4400  IF<PlBS<RRD»  .LT.  0.  1>  GO  TO  3 

4300  3IGN=cPIlSip-*-PI2SQ>  -'RRD 
4G00  PIS<.lJ=5IGN»Si5RT|<RRD^2.  > 

4301  3 CONTINUE 
4G02  C- 

4G03  C-  BEGIN  CONPUTRTION  OF  CONVERSION  COEFFICIENT  RS  OUTLINED 
4G04  C-  IN  THE  TEXT 
4603  C- 

4700  IF  (RBS^PI  1 <I>  ) .GT.  100.  > CDNCaa>»0. 

4300  IP<RBS(PI2<I’)  » .GT.  100.^  CaNCD<l>  = 0. 

4300  IF<:RBS*PIl<.I>>.GT.100..0R.flBS<PI2<n).GT.100.>  GO  TO  9 

=j000  if  C'PIl  <I>  .GT.30.  .RND.PiaU'*  .LT.30.  ) .OR.  <Pia <1  > . GT. 30.  . AND. 

5100  -PIl <I> .LT. 30. > > GO  TO  5 

5200  coNca<n=Pis<i> 

5300  GO  TO  9 

5400  5 IF<RBS<.PIt<I>  <.LT.75..RND.RBSTPI2<I>).LT.75.>  60  TO  6 

5401  IF(RBS<PIia>>.LT.0.1)  PI1<I>*0.1 

5402  IF<RBS<PI2<1>  > .LT.  0.  n PI2a>*0.l 

5500  IFCRBS<'PI1  cn'i  . GT.  RBS  <PI2  < I>  > ) CONCO  <I>  *SI3RT  <P1 1 <I> 

5600  -<1.-RBS<.RI2<I>^400.>>>*PI1<I>^RBS<PII<1'») 

5700  IF<RBS<PI2<I)  > .GT.RB3<Pll  a>>  > CONCO<I>»  SORT <P12 <I> ♦♦E*- 
5300  -<1.-RBS<PI1  <D  ■'400.4  >t*PI2<I>  ' RBS<PI2<I)  > 

5300  IFcRESCPIl  <I  > > .GT.75. . RND.  RBS  <PI2  <I  > > . 6T.  75.  > CONCOtI>»PISa> 

6000  GO  TO  3 

6100  6 IF  <PIKI>  .GT.PI2<D  > 

6200  -CaNCa<I>»S0RT<PlKT>**2*<l.-RBS<P12<I>4/’75.>> 
r300  IF<PI2<I' .GT.PIKI>> 

6400  -C0NC0<I'=S0RT<;PI2<.I)**2*<l.-RBS^PIl  d>>  «'75.>  > 

6500  3 XK1=RBS<.PI  1 ^I  >-PI3d  4 > 

6600  XK2=RBS<FI2<'I>-RISd>  > 

6700  DEN=XK2 
6300  <N‘JM«XK1 

-900  1=<XK1.GT.XK2>  DEN=Xk1 

7000  IP<XK1.6T.XK2>  XNUM»XK2 
7o50  IF'DEN.LT.0.14  PMK1>»0. 

7060  IP<DEN.LT. 0. 14  GO  TD  10 
7100  »HI M •■XNUH^OEN 
7200  10  oHIT»PHIT4PHI ^I' 

7300  PHIT»PHIT^N 
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TM  77-2  SA 


7310  C- 

73£0  C-  COMPUTE  i3CM  ST«TE  FDP  TMQ  QN  ONE  PER  REFERENCE  3 
7330  C- 


7400 

DO 

20  I=1.N 

7500 

: T3TE  < I ' =DEF 

7800 

IF. 

ICTNTl  rl'  .EC.  l.NND.  ISTFlTErl) 

.NE.5) 

3TRTF<i)=nFWEP 

7700 

IF.' 

ISTHTEri) .EC. l.NND. ISTRTl Cl) 

.NE.5) 

5TFlTE<I)=aFi.lEP 

7800 

IF  ^I  STFITl  <I  ) .EC.  l.NND.  ISThtTEH) 

.EC.5> 

STRTEa»=TR«DE 

7400 

IF  r 

1STHT2- I ■ .EC. l.RND. ISTRTl rl- 

. EC. 5> 

SThTE'I)=TRFiDE 

800  0 

1F< 

I vTRT2<^I  * .EC.2.0P.  ISTRTl  ri)  . 

EC.  2) 

STRTEa'=aFF 

8 1 0 0 

IF. 

liTRT^ri > .fq. S.RND. ISTRT2<I) 

.EC. 3) 

STRTf<;I)=NIJT 

8200 

IF  . 

liTiRTl  ■ I)  .EC.5.RND.  ISTRT2CI) 

.ME.  1) 

STRTErl.^DEFRT 

5800 

IF  ' 

1 STRT2. I> .EC.5.RND. ISTmTI <1 ' 

.NE.  1 ■ 

STRTE  - I)=DEFFiT 

84  00 

20 

cauriNUE 

5500 

SUN 

- M. 

8800 

DQ 

30  J=1.N 

5700 

30 

SUN=SUN+PHI r J. ♦♦E 

5500 

CQOPD=l . -SORT  rSUM'N.. 

8510 

c- 

3'3£(i  C-  BEGIN  PRINT  OF  DUTPUT 
3530  C- 

3300  IFdPPINT.NE.  1.I3ND.  IPRINT.N£.5>  GO  TO  40 

9000  MRITEdPPINT.  1003>  <TITLE1  <I>  . I = l»50>  . <TITLE£<I>  » I = l»50> 

3100  1003  FGRMFiT<LlHl,  10:<»G0R1 'llX.50Fll> 

3300  I.IRITE<IPRINT»  30r> 


3300  301 

FQPMFiT  r5X.  "TIME 
s . STATE"/' 

PERF 

PERF 

PERF 

CONVERSION  'N 

3400  - 

5X.  " 

N rSECTION)". 

INDEX 

INDEX 

INDEX 

COEFFICNT  ss 

4500  - 

5X." 

PAIR! 

PAIR2 

SECTN") 

3300  KOUNT»l 
3310  C - 

3i20  C-  BEGIN  GRPPHICFIL  CQNPOTFlTIQNS  fqR  QUTPIJT  GRFiPH 
3330  C- 

3700  DO  40  J=1»N 

3300  IFrKQiJNT.EC.45.  ) ulRITE  UPRINT,  1 003.)  CT I TLE 1 <1 » * I = 1 . 50) » 

-3110  -<TITlE3<D»I  = 1»50) 

lOMOO  lFrK0UNT.E0.45)  MRITE riPRINT» 301 > 

10100  IF<KQiJNT.E0.45)  KQUNT*0 
10200  KQUNT=KQUNT+1 

10300  iJRITE<IPRINT.27S)  JjPII  <J)  » PI2  < J'  > PI  3 < J)  » CQNCD J)  . STRTE  < J) 
10400  278  FORNi3Tr5X.  I3.4<3X,F6.2)  «9X.l=ll) 

10500  40  CONTINUE 

lOEOO  IFriPRiNT.EQ. l.QR. IPRINT.E0.5)  ORITE  aPRINT»903)  PHIT.CQQRD 

10700  303  FQRNFiT‘'10X.  ■’SECT  CQQRD  = ' » F6.  4*5X.  "CQNi  I 3TENCY  * ".F6.4) 

10800  MT=1 

10300  DQ  44  I*1.N 

UOOO  44  FiFl' I ) aPI3  < I ) 

11100  I=''IGRFiF.NE.  l.flNO.  IGRRF.nE.5)  GO  TO  50 
11200  kQUNT=1 

1 1 300  MPI  TE  riGRFiF.  1 003»  rTITCEl  t>..K>  "KKal  * 50 > » <T  I T'..E2  ■ KK)  *KK=1 .50> 
11400  .lPITFUGRFt=.1114) 

1 1500  1114  fqkmRT<'25X.  "♦  SECTION  INDEX  FOR  TR^DE-OFF" , / , £5X. 

11800  -"1  CONVERSION  coefficient  " . 1 X* " T“ J 
11700  MRI  TE  ' IGRpiF,  =(0) 

1 1 500  30  FORNRTriX.  •' I"  . IX.  “S".  IX.  "N".  IX.  "E".  3X. 

11900  -"-100". 2X. " -80" . £X. " —80" . 2X. " —40" . 2X. " —20" ♦ 
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APPENDIX  C 


TM  77-2  SA 


1 iO'ifi  -3  :.  •■  O'  , 3’<.  '■  ♦•SiV  « £:•  " +40"  J .?x«  " -t-bO"  » £X«  ■'  <-30"  . iX.  • +1  00"  ) 

1 £■  1 f>  1.1  D'.l  bo  .1=  t 0 • b 0 
E'^'J'=DaT 

1£3"0  o-  OMTIMi.ie 
1£400  I'O  obb  ,l’=lu»o0«5 
l-'-OO  6E'J'=P'wLI' 
lio'.''  bo-.  .G'lTI-fJE 

1 £ r i> 0 ii-’  I T i • I 5"'mC  • ' r ' ' EE  ' J > « J=  1 0 ■ b 0 ' 

1 . 0 ij  r p □'••f’l'H  r < 1 X • ' E " • I ! * " c " • f‘X  • 1 '4 1 ) 

1--II0  m £b  1 = 1 *r< 

I >0011  rO  £4  l=10.b0 

1?1"0  tb • J • 

1 : £ "0  £']tlT  I riUE 

l;:<O0  E.r  • S':.  • =DaT 
1S400  Eb  ' bill  = : ThTE  ' I > 

IS'.OO  Ec*  lo.=STbrea> 

ISoO*.*  I ^ ' L G'OSQ  . I ' , !>T  , S'r* , , QP , CQHCG  ' I > ■ L T . “‘S'? . ■£  ' GO  TO  41£>i 

1 3700  >.  =.  £T.»';QMCQ  <I ) +35. 5 

1 3300  E:b<K>=0aLL 

13300  GO  TO  4133 

14000  4133  FE<35>=XXX 

14100  4133  COHTlHiJS 

14300  IF  . flPl<r>  .f3T.33.  S.Q'^.RrtCn  .lT. -93.3)  GO  TO  3S7b 
14300  J=.35+RMa)  + 35.5 

14400  EE<J.=STRP 

145O0  IF  (CPI  1 ) .GT.75.  .RMH.»I3  •:  I ■ . lT.  -75.  ' . OP,  (PI  1 (I ) .LT.  -75.  . 

14b00  -FOID.Plsa' . GT.75.  • ) BE.J)==l.U3 

1-1700  GO  TO  7654 

14300  337b  BE(35>=XXX 

14300  7654  COMTIMUE 

15000  IF  (KO'JMT.  EG.  45)  MRITE  dGFRF,  1 003)  (TI  Ti_El  (KK ) . KK  = l > 50>  » 
15100  - (T  1 TlES  i>.k  ) ,«k  = l,50> 

15300  lF.kaUMT.EQ.45)  WPI TE ( IGPRE, 1 1 14 ) 

15300  IF  .kQUMT.EQ.45'  klR I TE  ( rSPRP.  30) 

15400  IFvkOUMT.EQ.45)  kOUMT=0 
15500  kOUMT=KOUMT+l 

15600  UPITEdGRRF,  ID  MT*  (BE ( J • » J=  1 0 j 60) 

15700  11  F0PMFlTd4»5X.51i=ll ) 

15800  MT=HT+1 
15300  53  COMTIMUE 

IbOOO  50  COMTI'OJE 
16010  MPITFvi,7r6) 

16020  776  FOPflrlTtaX*  "'.iRkE  UP.  I HRVE  DOME  RMOTMEP  FILE") 

16030  iJPlTEd.123'  (TI  TLE 1 d ■ . I = 1 . 50) 
lr.031  C- 

16032  C-  CPERTE  FlN  OUTPUT  FILE  flM  DISK  (REF)  FDR  FURTHER  RMRLYSIS 

16033  C- 

l.;.0'50  MR  I TE  (4.  777  ) M 
16060  777  F0PMRT(2X, 14) 

16100  UPITE(4.78?)  (P I > ( D . 1=1 . M' 

1-5 125  i.lPITE(4.  737)  ( T I TLEl  d ) . I = 1 . 50)  . (T I TLE2  d ) . I =1 . 50) 

16150  737  FQftnRT<2X.5031.  '.2X.50RD 

It.200  733  FQPMRT  (50 '•  2X.  3 < Ffc . 2.  " . " ) • F6.  2 ' ) ) 

16300  00  1141  J=1.M 

16400  IF<3TRTE(J) .EQ.OFUEP)  ISTRT(J)=1 
16500  IFCSTRTECJ'.EQ.OFF)  I5TRT(J)=2 
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APPENDIX  C 


TM  77-2  SA 


I T - ' U t - ' I T^T  i • J ‘ ^ T' . n ' I ST ' J ■>  = ? 

lr-7'iii  I r S J ' . f.  7* . :•  1 7 f-^T  > J > =4 


1 7.  S 1 !'• 

' - ThTE  > I.-  . E'->.  DEPhT  ' 

I 7ThT  J) 

1 - ^ 1' 

1-  ‘ S TOTE  . J-'  . E'T'.  T -'hL-E  ■ 

ISTiFr'  .1’ 

1 r ij  0 

1141  :gmtinje 

1 ,•■’  1 0 it 

■'ll*'  I T:-  1.  4 ’ 7'? iJ  • ' I S T ■E  r ‘ I ' 

- I=1.M' 

i r s 0 M 

t'  4 M - G '**1 4 T * 5 •.<  *■.  E .'7  * "r*  *- 1 1 ? 

"•"'.11' 

17  3 0 0 

11 '■  I TE  '1 4 1 7 3 3 ' ' '7  0*'1'7  G • I ' 

• 1 = 1 .H' 

17  350 

I=^IL=IFIi_  + l 

1 7 3o  iJ 

IF I'lL.LE.Ni^^ILES:)  EG 

T 'G  SE 

17400 

37E5  SRLL  EXIT 

175  0 0 

ENO 

EMD 

7ILIIKLST  3.1  SEC. 




TM  77-2  SA 


SECTION  ANALYSIS  PROGRAM  OUTPUT 
FOR  EXAMPLE  DATA  SET 


( 


TM  77-2  SA 


5ECTl£_ 


HO', I H'iHV  files  HH  I _OOKir<'5  hT 

'1_ 

MHFS’E  do  YQU  '.IRHT  DHTR  G'JTk  1=HERE»  5=FRIHTER0THERS=NaNE 

■ 1 _ 

'•ME»E  DO  YOU  i.IRMT  R GRRPH.  INHERE?  5=PRIMTERaTHER.S=N0HE 
'SO  TO  I LEER*  I MILL  CRLL  MHEH  I RM  RERDY 


i 

i ! 
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APPENDIX  D 


W >jJ  <Jj  O.'  '.O  W f'J  IL'  IXI  H.I  lU  ro  IX'  lU  I'lJ  fu 


TM  77-2  SA 
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H 
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M 

lb 
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n 
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n 
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-U  . 55 
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-3.  3 9 

M 

19 

-10.50 

1 . 1 £ 

-7.33 
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M 

£0 
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3 . 34 
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M 

£1 

-7.5£ 

. S£ 
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N 

Zfp 
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M 

55 

-5 .77 

13.1  0 

l£.  13 
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M 

£4 
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30.  £7 

£1.40 
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M 
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1 . 9S 

31.33 

££.  £0 
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M 

£5 

3 . 34 

£S.  1 1 

IS. SI 

13.31 

H 

£? 

4 . 44. 

19.49 

14.  14 

• 14.14 

M 

so 

5. 77 

15.  03 

11.43 

1 1 . 4£ 

H 

31 

5.94 

15.70 

11 . 37 

11.57 

r| 

3£ 

5. 4S 

IS.  37 

13.77 

1£.77 

5£ 

7 . 77 

l£.4l 

1 0.  35 

10.3  5 

M 

34 

9.  31 

3.43 

3.  90 
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H 

35 
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M 

?b 
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-9.  £5 

-3.  £5 

N 
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N 
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5 4.3  5 

-34.30 
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D 
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D 

44 
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n 
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E 
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APPENDIX  D 


S.U  i-i."  y‘>  *.0  o'.'  oj 


TM  77-2  SA 
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TM  77-2  SA 
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-33.53 

M 

115 

-54. 03 

3. 33 

-34. 00 

-34. 00 

M 

117 

-34.55 

3.  34 

-34. 38 

-34. 33 

M 

113 

-34.  33 

3.53 

-34.30 

-34.30 

M 

119 

-39. 77 

3.97 

-30. 95 

•-3  0.95 

H 

130 

-37 . 55 

3.5  0 

-19.37 

-19. 37 

H 

131 

-35.93 

4.71 

-13. 03 

-13. 03 

N 

133 

-34. 15 

5.51 

-15.43 

-15.43 

M 

135 

-33.40 

■3.73 

-14.5? 

-14.59 

M 

134 

-3  3.40 

10.53 

-14.74 

-14.74 

•1 

135 

-33.43 

1 3.  14 

-1 3.71 

-13.71 

135 

-33.  19 

15.53 

-11.31 

-11.91 

137 

-30. 39 

15.  03 

-9 .74 

— 9.74 

M 

133 

- 1 8 . 7 3. 

13.49 

-9.  90 

-9.  90 

M 

139 

-15. 43 

10.15 

- 1 0 . 8 '5 

-10. 33 

■\ 

1 50 

-15. 75 

5.  07 

-11. 30 

-11.30 

M 

131 

-14.47 

3.47 

-10. 08 

-10. o; 

M 

1 33 

-11. 53 

0.50 

-8.  1 3 

-3.  1 3 

133 

-3.93 

4 . 05 

-5.  53 

-5.C-3 

1 34 

-7.  35 

5 . 5 8 

-3.83 

-■?.  35 
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TM  77-2  SA 


3':M534') 

i’  1 TG 

3 3 GM  1 TE 

I T 5 40«  3-?' 

• 30  ?0<>  1 3km 

3CM534  i 

GM  1. 

3 TG  ^ TEST 

fi  4 LI  1*  r*  — ? ^'  ^ o 

fi 1 r"' 

T I ME 

PCP- 

PE'^  = 

pppp 

CGHVES i I GM 

i T hTE 

IMDE  ■ 

I'iDE>' 

CGEFEICNT 

L 3ECTIGN> 

3ECTM 

13';- 

- r . 18 

11.33 

3 . 1 0 

3.  10 

M 

1 33 

-5.  UO 

13.  13 

1 0 . 8 3 

1 0.33 

1 37 

-0.  7 3 

34.  43 

17.  30 

17.30 

M 

133 

1 . 3ti 

3-^.  ?5 

31.33 

31.33 

G 

13?  <3.  ;5  3?.  37  31.33  31.33  G 


140 

11.75 

- > • z'  z* 

35.  33 

31 . 07 

M 

141 

13.33 

41.11 

31.8  0 

35.  77 

M 

143 

30.73 

4 3. '39 

34.  00 

33 . 9 1 

M 

143 

33.70 

47 . ;il» 

37.  13 

39.54 

□ 

144 

3 3 . 3 ? 

49.35 

38 . 3 1 

41 . 1? 

G 

145 

33.30 

51 . ?8 

40.35 

4 3.3  0 

G 

143 

33.75 

55.4? 

43.  37 

43.37 

G 

147 

• €•  1 

59. 9o 

45.  31 

50.11 

G 

1 4 3 

31.70 

€•5.  z-b 

47 . z’6 

53.  41 

G 

14? 

£ 5 • 6 5 

^6  • 77 

50.  03 

55. 33 

a 

150 

37.30 

71.7? 

54 . 33 

57.  31 

□ 

151 

50.  73 

73.73 

58.  47 

58.47 

G 

153 

34 . 94 

77. 8 B 

30.3  3 

30.  33 

G 

153 

33.31 

73.  34 

31.73 

31.73 

□ 

154 

41.34 

79.  37 

33.35 

38 . 35 

G 

155 

43.  17 

77.  04 

33.51 

• 33.51 

Q 

153 

51.34 

71.93 

33.31 

33. 31 

□ 

157 

55.  15 

3 9.  03 

33 . 49 

33.4  9 

0 

153 

53.44 

65 . 1 1 

3 1 . 33 

31. 33 

□ 

159 

57.99 

33.33 

30.17 

30.  17 

G 

130 

55.37 

3 0 . 0 3 

57 . 89 

57.89 

G 

131 

5 3.  54 

57.10 

55.  35 

55.  35 

G 

133 

53.47 

53.  0 9 

53.  78 

53. 73 

G 

1 O 3 

50,  Ec 

4 3.  95 

49.  31 

49.31 

G 

134 

43.30 

43.31 

47. 33 

47.  T'C* 

G 

SECT  CGG-0 

= 0.  5345 

;.GMS 

IITEMC  r 

= 0.401  0 
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I 


I 


) 

! 


.)  r 


:t 


TU  77-2  SA 


1 


T 

1 5 
•1  'E 

1£  Q 

1 

c. 

3 

4 


Id 

11 

12 

13 

14 

15 
1^ 
17 
13 
1? 
20 
21 
■22 
25 

24 

25 

26 
27 
23 
23 

30 

31 

32 

33 

34 

35 

36 

37 
33 
3? 

40 

41 

42 

43 

44 


ftCr'1564Y  1 
BCM564  2 art 


TO  3 2 art  1 TEST  5 40.  3-?‘<»  60-'30»  1 3*<'rt 
1.  2 TG  3 TEST  5 ''40»  3~3*' » 60 ■■  30.  1 3*^ 

♦ SECTIQrt  IrtDEX  +•  FOP  TP6DE-0EF 
■I  COrtVEPSIOrt  COEFFICIErtT 


-100  -30  -60 

rt 

r< 

ri 

r< 

rt 

rt 

rt 

rt 

rt 

rt 

rt 

rt 

r< 

rt 

rt 

rt 

rt 

rt 

rt 

rt 

rt 

rt 

rt 

rt 

rt 

rt 

rt 

rt 

rt 

rt 

A 

rt 

i 

N 

rt 

rt 

rt 

D 

D 

D 


■♦•60  ♦■30  •♦•100 

rt 

rt 

rt 

r« 

rt 

rt 

rt 

rt 

rt 

rt 

rt 

M 

rt 

rt 

rt 

rt 

rt 

M 

rt 

rt 

rt 

rt 

rt 

rt 

rt 

rt 

rt 

rt 

rt 

rt 

N 

M 

rt 

rt 

rt 

rt 

rt 

rt 

rt 

rt 

D 

D 

D 
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1 •^CM564Y  1 TO-  3 2 3N  1 TEiT  5' 40- 3-?f<  . ^0- =*0»  13K>1 

6CM564  2 3N  1j  2 !□  3 TEST  5 ' 40»  3~?^ • 60' ?0*  I -EfKYIr^X 
♦ SECTION  INDEX  FDi5  TP-^DE-aEF 
I CaNVEPSION  COEFFICIENT 
T 

I 3 

•1  E -iriO  -30  -60  -40  -20  0 +-20  ♦40  ♦•60  ♦30  ♦lOO 


TM  77-2  SA 


T 

I S 
M E 

•?o 


?4 

95 

?o 


lou 
101 
10£ 
103 
1 04 

105 

106 
107 
103 
109 

no 

111 


114 

115 

116 
117 
113 
119 

150 

151 
155 

153 

154 

155 
15S 
157 
153 
153 
I 30 
151 
1 35 
133 
1 34 


hCM564V  1 5 5 ON  1 TEST  5'40» 5-9Kf 60'90’ 13KM 

E:rl564  5 an  1»  5 to  3 test  5 '40«  5-9<'.*60  '^90«  13KM9K 
• SECTION  INDE'>:  *■  fOfi.  TPhiDE-OFF 

. I SDMVE^SIGM  CQEFFICIEMT 


- 1 0 0 
N 
□ 

3 

3 

r< 

N 

3 

H 

n 

rt 

D 

D 

D 

D 

n 

H 

N 

n 

1-1 

N 

ri 

N 

N 

N 

H 

M 

n 

N 

N 

n 

N 

H 

■4 

N 

H 

\ 


-30  -60  -40  -50  0 ♦•EO  +-40  ♦•EO  ••■50  ■*•10 

♦ t H 

♦ i.  3 

*3  □ 

* I □ 

♦ I -4 

. ♦ M 

. ♦ N 

. ♦ M 

• . H 

♦ . M 

♦ . 0 

* . 0 

♦ . D 

♦ . D 

♦ . D 

♦ H 

♦ . li 

♦ . N 

♦ . r< 

* . N 

♦ . r< 

♦ . rt 

♦ . N 

♦ . N 

♦ . N 

♦ . N 

♦ . ■ rt 

♦ . N 

♦ . ■ H 

♦ . M 

♦ . t1 

♦ . 14 

♦ . N 

¥ . r4 

• . 14 

• . M 

• . 

• . !4 

¥ . '4 

¥ . N 

• . !4 

¥ , *4 

¥.  14 

•.  "4 
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1 •=ICM5'5.4V  1 TO  5 £ Ori  I TE2T  5 '4Cu  « 60  ?0.  13KM 

BCM564  £ QN  I?  £ TO  3 T£3T  *5  ^40«  3-?»»  ■30  ■ '30»  1 3KM6X 
♦ SECT  I OH  IMDEX  FQP  TR-^DE-OC^F 
t •COrf./FRSION  CQEFFICIcHT 
r 

i s 


*•1  F 

1 35 

1 

13? 

135 

133 

140 

141 
l=i£ 

143 

144 

145 

146  • 

147 
143 
143 

150 

151 

152 

153 

154 

155 

156 

157 
153 
153 
160 
161 
162 

163 

164 
'..I3KE 


- 1 0 0 

.‘4 

(4 

□ 

□ 

t4 

••4 

44 

□ 

□ 

0 

0 

□ 

3 

•3 

□ 

□ 

□ 

0 

0 

□ 

0 

3 

Q 

□ 

□ 

3 

□ 

□ 

□ 

iJPf 


-5  0 


-60  -40  -£0 


♦■£0  4-40  ♦■60  -4-30 


♦ 


I 

♦ 

♦ 5 
» 

♦ I 
♦ 8 

♦ 


* 

» 


¥ 

♦ 

¥ 

¥ 


¥ 

¥ 


¥ 

¥ 


RCM564V 


HAVE 
TO  3 


DONE  ANOTHER  FILE 
£ ON  1 TEST  5''40»  3-9K»60/'30»  13KM 


♦•  1 0 0 
M 
44 
■■•4 
0 
a 

N 

.'4 

^4 

□ 

□ 

0 

0 

0 

□ 

0 

0 

0 

0 

□ 

□ 

□ 

□ 

0 

□ 

0 

□ 

0 

3 

0 

0 


END  SECT12  17.4  SEC. 
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< 


B 


STOCHASTIC  ANALYSIS  PROGRAM 


C 

I 
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TM  77-2  SA 


FlLE;STRC  M>i  -08 -'£3 '76  10:33  8M. 

100  l.ER»r1ES 

300  cilE  l = TPmiL.iJMIT=PEriaTE 
300  FILE  £=i8CM»iJNIT  = DISK 
400  FILE  3=tlCM.UHIT=DISK  . 

500  file  4=PEF,iJNIT=DISK 

•sOO  FILE  5=PftNDY.iJrUT=PRIMTER  BACKUP  DISK 

700  file  6=CCM,UMIT=DISK 

300  FILE  7=0PT»UHIT=DISK 

?00  IMTEI5EP  GPAFOP 

1000  DATA  PLUS-'"'*'"  ^ 

1100  DATA  BLANK./"  " / 

1200  DATA  DaT/"."/ 

1300  DATA  STAR/"*'"/ 

1400  DATA  DQLL/"'!"'' 

1500  'data  AT/"::"'' 

1600  DIMENSION  TPCALE <5» 51^ 

1700  DIMENSION  N<40>  »PIS  (40>  300>  . SECTIT  <40.  140'> . ISTATS  <40.  300)  . 

1800  -CONCO<40.300) .NPAIR<30) .PARTIT<30.70) .PIPAIR <30. 300) . 

1300  -ISTATP<30.300)  .A<300)  .B<300)  .KPISOOO)  .FPIS<250. 120)  . 

2000  -FREQOOO)  .CUMPIS<250.  120)  . CUMP  <300)  . PISMN  <300)  . PISDEV  <300)  . 

2100  -PISM3<300) .PISM4<300) .ANS<4) .FCC<250. 120) . CUMPCC <250. 120) 

2200  DIMENSION  CCMN <300)  . CCDEV <300)  .CCM3000)  .CCM4<300)  .KIPAIROOO)  . 
2300  -FPIP<250.120)  .CUMPIP<250. 120)  .PIPMNOOO)  .PIPDEV<300).PIPM3<300)  . 
2400  -PIPM4<300) .NCS<6.6) .CPS<6.6) . TC <6) . MXX <300) . NAMEl <40) .NAME2<40) 
2500  DIMENSION  IFL<6) . ITIS<6. 300) . TSCALE <6. 51) . TFPEQ <6. 51) . TCUMP <6. 51 ) . 
2600  -TMEAN<6) .TDEV<6) .TM0M3<6) .TM0M4<6) .CPP<5.5) .NCP<5.5) » ITIP<5.300) . 
2700  -TPFREQ<5.51) .TPCUMP<5.5D .TPMERN<5) .TP0EV<5) .TPM0M3<5) .TPM0M4<5) 
2800  DIMENSION  NAME3 <40) . NAME4 <40) 

2300  DIMENSION  NAME5<40) 

2310  DIMENSION  IFM<6) 

3000  C-  READ  IN  REQUIRED  CONSTANTS  FOR  DATA  MANAGEMENT 
3100  C- 

3200  READ <7./')  N^ILES.  IPRINT.  IGRAF.  ICALC. DELTA.  ICOMP 
3300  GRAFOP-IGRAF/ABS<IGRAF) 

3400  IGRAF*ABS<IGRAF) 

3500  NCK-IGRAF/ICOMP 
3600  NKC=IGRAF/ICOMP-*-0.399 
3700  IF<NCK,NE.NKC>  IGRAF-ICDMP 
3800  101  FORMAT <40A1) 

3900  READ<7.101)  <NAMEl < I) . I «l . 40) 

4000  READ<7.10D  <NAME2 <I) . I«1 . 40) 

4100  READ<7.101)  <NAME3 <D . 1»1 . 40) 

4200  READ <7. 101)  <NAME4 <I) . I «1 . 40) 

4300  READ<7.101)  <NAME5 < D . I»1 • 40> 

4400  C- 
4500  C- 

4600  C-  NFILES  IS  TA£  NUMBER  OF  DATA  FILES  TO  BE  REDUCED 
4700  C- 
4300  C- 

4300  C-  IPRINT  IS  OUTPUT  OPTION.  1 FOR  TERMINAL  5 FOP  PRINTER 
5000  C- 
5100  C- 

5200  C-  IGPAP  IS  PLOTTING  TIME  INTERVAL  ♦ FQR  CRQUENCY  DATA  - FOP  FEQ  S 
5300,C-  CUMULATIVE  PROBABILITY 
5400  C- 


APPENDDC  E 


1 


TM  77-2  SA 


PElT^  is  6R 

\ N 1 0 0 


CflLC'JLi=ITiaN  aPTIOM  1 FOR  CaMVeRSiaH  CQEFF  -i,  SECTIQH  PI 
£ FDR  PAIRED  PI  IN  flODITIDN 
3 FDR  MANEUVER  CDNVERSIDN  DF  SECTION 
IN  ADDITION  TO  UZ 
4 FDR  All  above  plus  IND 
PAIRED  MAN  CONV 

5 FDR  SECTION  DATA  ONLY  <ALL  COM=-UTAT IONS ) 

GRID  SIZE  FOR  COfITINUOUS  CDMRUTATIONS  IN  RANGE  DF's 


ICOMP  IS  THE  '^REOUENCV  OF  DATA  COMPUTATION  IN  INTEGER  SECONDS 
NAMEl  IS  THE  TITLE  fqR  FREQUENCY  DATA  GRAPH 
C-  NAMES:  IS  THE  TITLE  FOR  PERFORMANCE  INDEX  GRAPH 
■S-NAME3  IS  THE  TITLE  FOR  CUMULATIVE  PRQBAB I c I T •'  GRAPH 
C-NAME4  IS  THE  TITLE  FDR  CONVERSION  COEFFICIENT  GRAPHS 
C-  NAME5  IS  THE  TITLE  FOR  TIME  IN  STATE  GRAPHS 


i?00  C-  N IS  NUMBER  OF  RTS 


SECTION  FILES— IT 


NFILES  VALUES 


7000  C-  NPAIR  IS  THE  NUMBER  OF  POINTS  IN  PAIRED  FILES  IT  HAS 

7100  C-  £. ♦NFILES  VALUES 

7200  C-  FOR  A £ V 1 ENGAGEMENT 

7300  C-  PIS  APE  THE  SECTION  PERFORMANCE  INDICES  IT  HAS  N<I>  VALUES 


7400  C- 


PEP  DATA  file 


7500  C-  ISTATS  ARE  THE  MANEUVER  CONVERSION  STATES— NCI)  VALUES  »ER  FILE 


7600  C-  l=OFF  MEAPDNS 

7700  C-  2=0FFENSIVE 

7300  C-  3*NEUTRAL 

7300  C-  4=DEFENSIVE 

3000  C-  5=DEF  FATAL 

.3100  C-  6=UTRADE0FF 

3300  C-  CONCO  ARE  THE  CONVERSION  COEFFICIENTS  N<I>  VALUES  PER  FILE 
3300  C-  PIPAIR  APE  THE  PAIRED  PERF  INDEX  VALUES  NPAIR TI>  VALES  PER  PAIR 
3400  C-  PER  FILE 

3500  C-  ISTATP  ARE  THE  PAIRED  STATE  DATA  SAME  AS  ISTATS  BUT  NO  6 


3400  C-  PER  FILE 

3500  C-  ISTATP  ARE  THE  PAIRED  STATE  DATA  SAME  AS  ISTATS  BUI 

3600  C-  SECTIT  A TITLE  FDR  SECTION»PARTIT-A  TITLE  FOR  PAIRS 

3700  DO  200  1*1. NFILES 

3300  READ<2.''>  NCn 

3300  JK-NCO/IO 

3000  XJ».JK^10 

3100  »EA0<2.'>  <PIS<I. J> . J*1.N<I) > 

3200  IFCKJ.EO.N<I>>  READ<2.300>  BLANK 
3300  READ<2.  300)  CSECTIT  a . J:> . J-1 . 70> 

3400  READ<2.300)  (SECTIT <1 . .J»7l. 140> 

3500  READCZ./")  (ISTATS  (I . J> » J*1 » N (I)  > 

3600  READ(2./^>  (CONCO (I . J>  . J»1 » N (I > > 

3700  200  CONTINUE 

3300  i.lRITE(1.310^ 

3300  310  FORMAT ("I  JUST  READ  ALL  THE  SECTION  DATA") 

10000  IFdCALC.EO.  l.DR.  ICAlC.EO.5)  GO  TO  500 
lOlOO  DO  400  1=1. NFILES 
10200  PFAD<:3.''‘  NPAIRd) 

10300  READ(3.300»  (PARTIT (I . J) . J»1 . 70> 

10400  READ(3./>  (PIPAIRd.  J)  . J*l. NPAIRd)  ) 

10500  PEAD(3.-'>  dSTATPd.  J)  . J»1.NPAIR(I>  ) 

10600  400  CONTINUE 

10700  VRITEd.320) 

1030ti  320  FORMAT  ("I  JUST  READ  PAIR  A DATA") 

10300  DO  500  I»1.NF1lES 
llOOft  kal^NFILES 
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iiioo 

I l iOu  5 • soil*  c;Pi=»PT  I T >'k  . Jj  » 1 • 7Cu 

11?00  SE-iti'T..  •'>  . J>  j J=l.MPflIRCK>  > 

I I 4 P£hD  **?•■■  ' K I S ThTP  '■  K • _l ^ • J—  1 < NP*4 1 P CK  ■•  > 

1150'I  CQ’tTIMiJE 

1 \~.(\ 0 iiiS IT€<'t»  330* 

ItruO  330  FOPM^tT  <■■  I JUST  PEi3D  PHir  B DPlTi3"> 

1 1 300  300  PUPM*4T  « 70i31 ) 

11300  -IPI  TE  ■ 1 . 332> 

li'OOO  3?-2  PQPMHT  < "I'l-lTi-l  hPE  IM"  ' 

I 3100  I.IPITE' IPPIMT.410' 

13300  410  PGPMFiTi.lHl.^'i.  "THE  FOLLOMIHS  D4TR  li  USED  I'l  THIS  RUN") 

)£30O  ..u  ite  UPPIMT.  300'  <•  (SECTIT  <1  • J ■ > J=  1 . 14 0>  . I = 1 . Hr  IlES> 

13400  ‘1BI3  = 0 

ISf'OO  Mr  B 1:3=0 

13E00  DG  f-Ol  I = 1jMFIl£S 

1 3700  IP  (M<  I • . GT.  MBIS'  HBI'3=''KI> 

1=500  IF<NPP(IR<.I  ) .GT.MPBI5>  HPBI'5=MPfiIR  a ) 

lc?00  501  CQMTINUE 

13000  MPTS=  = 00.  'DElTR+1 

13100  C- 

13200  C- 

13300  C-  SECTIQM  IHDEX  PPEOUENCi’  DI STRI BUT IQMS  IN  TIME 
13400  C- 
I 3500  C- 

13500  DO  500  I=1.NBIG. ICQMP 
13700  KSET=I 
13:300  k'  = 0 

13300  DO  550  J=l.NrILtS 
14000  IP<N<:J' .LT.  I>  GO  TG  550 
14100  K=x  + 1 
14200  P|<K  .=PIS<J,  I> 

14300  KPISn>=< 

14400  B(t<:)=caNCa<J.  I' 

14500  550  CONTINUE 

14500  IF<K.LT.10»  GO  TO  510 

14700  CRLL  FPEDISt-100. » 100. »DELTR>R»K.FPEQ»CUMP.flNS> 

14300  DO  570  J=1»NPTS 
14300  FPISa.  J)*FPEO<J> 

15000  570  CUMPISCI. J>»CUMP<J' 

15100  PISMNa>“RNS<l) 

15200  PISDEV<I)=RNS<2> 

15300  PI3M3a>=RNS<3> 

15400  P1SM4«I>=RNS  <'4» 

15500  CRlL  FP£DIS<-100. » 100. *DELTR.B»K*FREQtCUMP.flNS> 

15500  DO  530  J=1.NPTS 
15700  FCCCI*  J»=fpecKJ» 

15300  5?0  CUMPCCa*  J>*CUMP<J» 

15300  CCMN<I>«rlNi<l) 

15000  CCDEV<I'=i3NS(2) 

15  I 00  CCM3* 1 »»RNS<3> 

15200  CCM4';I>=RN3<4> 

15300  500  CONTINUE 

15400  GO  TG  520 
l•^500  510  KiET  = I-ICJMP 

15500  520  CGNTINUE 

lr»700  i.lPITE<l*  333>  KSET 

l^GoO  533  FORMHT<"I  JUST  FINISHED  SECTION  FPEQ  DRTH  FOR". 13, " PTS"> 
15400  1P<ICH1-C.EC'.  l.GP.  ICRlC.EO.5'  iGG  TO  320 
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17000  C- 
17100  C- 

17200  C-  CflLC'JLflTE  PflIPED  IMFQRMrtTiaN  FREQUENCY  DftTn 
17300  C- 
17400  C- 

17500  t'D  300  I=J.NPBII5.  ICDMP 

17-300  KPftPLS=I 

17700  K=0 

17300  KQ=NF1LES*2 

17300  BD  350  J=1.K0 

13000  IFcNPRIRir  J»  .LT.  I)  GO  TO  350 

13100  Hr=K  + l 

13200  i3<:k)=piprip«:j»  i> 

13300  KIPFlIR<I'=K 
13400  350  CUNTINUE 

1 3500  if<:k.lt.io>  sa  to  31o 

13300  CFILL  FREDI  S<-100.  > 100.  > DElTR>  K»  FREQ*  CUNPj  HNS> 

13700  OQ  770  J=1*NPTS 
13300  FPIP<I, J>=FREQ<J* 

13300  770  CUMPIP<I.  J>=CUfiP(J> 

13000  PIPMNa)=PNS<l) 

13100  PIPDEY<I>=ftNS(2> 

13200  PIPM3a>=3NS<3> 

13300  PIPM4ai-FlNS':4> 

13400  300  CQNTINUE 

13500  GO  TO  320 
13300  310  KP3»LS-=I-ICaNP 

13700  320  C3NTINUE 

13300  W1TE<1.334>  K'PRRLS 

13300  334  FORNfiK"!  JUST  FINISHEC  PFIIRED  FREQ  DRTR  FaR".I3»"  P73") 

20000  C- 
20100  C- 

20200  C-  CRLCULRTE  SECTION  MRNEUVER  CONVERSION  DRTR 
20300  C- 
204U0  C- 

20500  IF<ICi=ILC.LT.  3>  GO  TO  1201 
20300  HO  350  I=l»3 
20700  DO  350  J=l*3 
20300  CPS<I*J>=0. 

20300  350  NCSa*J>=0. 

21000  DO  300  I = lfNFI'_ES 
21100  NN^NCD-l 
21200  DO  300  J*1>NN 

21300  I=^<ISTRTS<I>  J'.lE.O.OR,ISTRTS<I*  J + D.LE.O)  GO  TO  300 
21400  IPaSTRTSa.  J>  .EQ.  ISTRTSd.  J*-l>  » GO  TO  300 
21500  IDE:<:  = ISTRTSa.  J) 

21300  JDEX  = IST3TS<I.  J+r> 

21700  MCSUDEX.  JDEX>  =NCS<IDEX*  JDEX>  *l 
21300  300  CONTINUE 

21300  DO  1000  1=1*3 

2 2 0 0 0 T C • I > = 0 . 

22100  DO  1000  J=l»3 

22200  1 000  TC  ' D *NCS <I • J> ^TC ' 1 > 
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DO  1£00  I =!••:■ 

££400  DO  1^00  .1  = 1.6 

1“^  ' I Jj  5G  TO  1£00 
?£-:  C'0  I'-' < rr  • I ) . LT . 0. c^'S  • I . jj  =0. 

-.inio  IC  I Tl  ■ l ■ . _r.  o.t.)  SG  TG  1£00 
£ £ 5 0 0 I ^ ' I ' J ^ = '“M  S ■'  I . J ' ■■■'  T‘~  * I > 
iir-'OO  ll'Oii  CGGM'I’.'E 
£?Uiji.i  1£01  IG-UINIIE 
£3100  ii- I TE  ' 1 • 335> 

£3£00  33?.  '^G<?MhT<"1  J'JST  ‘^IMSHED  SECTIG'4  r-HME'JVEP  ca''V-/  DRTfl"> 

£3300  C- 
££•■4  00  £- 

££5o0  C-  ChLCUL'^iTE  TIME  IH  5Tf£TE  DIST9IBUTIGM 

£3300 

£3700  C- 

£3300  IFHCEiLC.lT.  3>  GO  TO  £70£ 

£3300  DO  1300  1=1.3 
£4000  IFLa>=l 
£4100  DO  1300  J=1.300 
£4£00  1300  ITIS<I.J>=0. 

£4300  DO  1300  I=1.MFILES 
£4400  MM=N<I)-1 

£4500  DG  1300  J=1.NM 
£4300  M=IST3Tia.J> 

14700  L=1FL<M> 

£4300  IFaSTRTSa.  J>.EQ.IST(3TS<I.  J+O)  GO  TG  1750 

£4300  I'^L<M)=IFLCM^  *1 

£5000  1750  ITI5<-P1.L>=ITISCM.L>+1 

£5100  IFCJ.EQ.MN.i3ND.  I STftT3<I,  J)  .EQ.  I STHTS  Cl , J«-l>  4 ITISCM.L>=0. 
£5300  IFCm^CM.LJ  .EG.  0>  IFU  CM’ -IFL  CM') -I 
£5300  1300  CGNTINtJE 

£5400  TMflX=0. 

£5500  OG  £000  1=1.6 
£5600  NN»IFLCI» 

£5610  TMi3X=0. 

£5700  DO  1350  J=1.NN 
£5300  i3CJ'»=ITISCI.  J) 

£5300  1350  IFCITlScI.  J>  .GT.TMflX>  TMi3X*ITI  5 Cl . J) 

£3000  IFCTM3X.lt. 0.5)  GG  TG  £050 
£3100  DEL»TMi3X/50. 

£6£00  DG  1300  K=1.51 

£■5300  1300  TSCG'.EcI.toxCK-D^DEL 

£3310  1F*NN.LT.3)  GO  TG  £050 

£3400  Ci4LL  FREDIS  CO. . TMGX.  DEL.  Pi.  NN.  FREQ.  CUMP.  flNS) 

£3500  DG  1950  K»1.51 
£•5300  TCREQCl.lO»FPEQCIC) 

£3700  1350  TC'JMP<I.K)=CUMPCK) 

£3300  TMEi3NCI)»ftN3Cl') 

£3300  TDEVCl)=flNSC£-) 

£7000  TMGM3CI)=PINSC3) 

£7100  TMGM4Cl)=ftNSC4) 

£7£00  GO  TG  £000 
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27300  ,2050  CQHTIHiJE 

27400  "'no  20^.0  V =l*51 
27500  TSCi4l£  ( 1 • K>  =0. 

27-;00  TP‘?Ei3<I  ,K>=0. 

27700  202.0  T'lUMP  < I , K ) =0. 

27300  TMERM*I'=0. 

27900  TDEV<I'=0. 

22000  TfiaMSCI  ) =0. 

22100  TMCI''14*;I ) =0. 

22200  2000  C3MTIMUE 

22300  .i2IT£(1.2001  > 

23400  2001  FaEMElT  I JUST  FIMISHED  SECTION  TINE  IN  STATE") 

23500  C- 
22200  C- 

23700  C-  CALCULATE  PAIRED  NANEUVER  CONVERSION  DATA 
23300  C-  ' 

23300  C- 

23000  IF<ICALC.NE.4)  SO  TO  2702 
23100  DO  2100  1=1.5 
232.0  DO  2100  J=1.5 
23300  CPP<I.J)=0. 

23400  2100  NCP<I.J)=0 

23500  NX=2.*NFIlES 
23S00  DO  2200  1=1, NX 
23700  NN=NPAIR<I)-1 
23300  DO  2200  J=1.NN 

23300  IFfISTATPa,  J)  .LE.  O.DR.  ISTATPU,  J+D  .UE.  0)  SO  TO  2200 
30000  IFdSTATPd,  J)  .£0.  ISTATP<I,  J+D)  SO  TO  2200 
30100  IDEX=ISTATP<I. J' 

30200  JDEX  = ISTATPd,  J+l> 

30300  NCP<IDEX, JDEX) =NCP d DEX, JDEX>>1 
30400  2200  CONTINUE 

30500  DO  2300  1=1.5 
30S00  TCd)*0. 

30700  DO  2300  J=l,5 

30300  2300  TC<I>=TCd)-*'NCPd.  J) 

30300  DO  2400  1=1,5 

31000  DO  2400  J»l,5 

51100  IFd.EO.J)  SO  TO  2400 

31200  IF<TC<D.LT.0.5)  CPPd.J)»0. 

31300  IF<TC<I».UT.0.5)  SO  TO  2400 

31400  C«>Pd.  J»*NCPd.  J)  ^TCd) 

31500  2400  CONTINUE 

31S00  UPITEd.2401> 

31700  2401  caermT.'I  JUST  fjmismci,  pftiPEO  MAN  C0NV"« 

31300  c- 
319UO  C- 

320itO  C-  calculate  tine  IN  STATE  FQP  PAIRS 

32100 

32200  C- 

32300  to  2500  1 = 1,5 
32400  IF*1d>=l 
32500  D3  25«0  J« 1,300 
32SOO  2500  ITIA^I.J>=0 
32700  DO  2S00  I-l.MX 

32300  Nf**NPAIPd>-I  ' 
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5i'r*00  Dn  £600  J = 

5?noo  '•i=t  :thTP  ■ I . J* 

_=irf.i . !■!) 

;.:-.£00  1“^  • I IT'^TP  ( I . .1' .£0.  I JT^TP  a . J*-l  > £□  TO  25S0 

3 ? 3 0 1'l  I P n ' M ' = I F f'U  M > + 1 
33400  il'^O  I riP- =IT  tP  ' -t-l 

3 3oO>'j  IF*.  .1 , €0 . Mm  , FtMO , I STFtTP  I • J > . £0 , I STFtTP  1 1 J + 1 ) > I T 1 P < Mf  *i_  > = n 
3?6  0 0 IP  ' 1 T IP  (M»  L>  . EO'.  0>  IFM  'M’  =IFM  ^rl)  -1 
3 37 0 0 £-. 0 0 C CIMT  I MUE 

33500  TMhX=0. 

33300  DQ  £700  1=1?^ 

34  000  MH=IFft'I'i 
341 OO  TM>4X=0. 

54£00  DO  £610  J=1«HN 
34300  PKJ;>  = ITIPn.  J> 

34400  £610  IF<ITIP<I,  J>  .GT.TMftX)  TMFtXsITIP  < I . J> 

34500  IFCTMRX.LT. 0.5'  60  TO  £655 
34600  DEL=TMPlX'50. 

3470  0 DQ  £6£0  K'  = 1j51 

:;4300  £6£0  TPCRLE  < I • K>  = <K- 1 > *DEL 

34310  IF'HM.LT.3,'  GO  TO  £655 

34? 0 0 CRLL  FPEDIS<0.  > TMRX.  DEL . R»  MM » FREQ,  CUMP*  RMS'* 

35000  DO  £650  F=l,51 
35 1 0 0 TPFREO ' I , K ) =FREQ  <K ) 

35£ 0 0 £65 0 TPCUMp  C I . K ■ =CUMP  fk  ^ 

353  00  TPMERM  < I ' =RMS  C 1 ' 

55400  T^DEv  U ' =RM:S  C£> 

355  0 0 TPMOM3  ■'  I > =RM 3 C 3 ) 

356  0 0 TPM0M4  <r>  =RMS  C4', 

35700  GO  TO  £700 
35300  £655  CONTINUE 

35300  DO  £656  k.  = l,51 
36000  .TPFPEQa,k>=0. 

36100  T'>CUMP<:i,k)=0. 

56£00  £656  TPCRLE <I , K> =0. 

36  3 0 0 TPMERM  < I ) = 0 . 

36400  TPDEV'I > =0. 

3650  0 TPt1OM3(I'=0. 

■-■6600  TPMar'14  ■ I > =0. 

36700  £700  CQMTIflUE 

36300  £70£  CONTINUE 

36 ? 0* 0 I'lR  I T E ^ 1 , £ 7 0 1 ^ 

37000  £701  FQRMRTC’I  JUST  FINISHED  PRIRED  TIME  IN  3TRTE-OUTPUT  BEGIN 

37010  0- 

3'0£o  C-  BEGIN  OUTPI.it  QF  THE  COMPUTED  DRTR 
37030 

37O40  THE  CDnouTED  DISTRIBUTION  OF  THE  SECTION  PERF  INDICES 
37050 
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! 


\ 

A 

1 


<7100  r>Q  7950  J = 1»NPTS 

57200  7950  '-r  iX  v J' =- 1 00.  + < J- 1 > ♦DElTP 

57500  MPITE  >.  IPPIMT.3000) 

57400  3000  ^noMRT  CIHI 1 2X. '•PEPFQPMPNCE  IMDICE5  01  STPl B'JT iOM" ) 

37500  M'1XPT=NPTS' 1 0 

57-  00  N'iXPT^NNXFT*  I 0 

577  0 0 DO  9 0 0 0 1 0=  1 » llMXPT « 1 0 

57;;00  KQ9=k;fr!+-9 

57500  i.lPITEat>PIHT.3001)  ■ MXX  < I ) » I =KQ»  KQ9> 

55000  3001  pQC'MhT  <2X.  "TIME  FPEGK"  • 14*  " ' PPEO  <"  • 14.  " > FPEO<”. 

53100  -14."'  FPEQC",  14,  , 14,  > FPECK"  , I4,  FRECK", 

53200  -I4.">  FPEQ<.".  14,  ")  FREO  f " « 14,  ” ) FREQC"  . 14,  , 

52500  DO  9000  J = 1 , ''SET,  ICOMP 

33400  iJPITE  «:IPPIMT,  3950)  J,  (FPI  S <•  J,  K) , K=KO,  K09> 

35500  3950  FQRMPT  .'2X,  14.  F 1 5. 5, 9^  12.  5> 

5 5300  9000 -caMTINUE 

33700  MR=HMXPT+1 

33300  WRITE  <^IPPINT, 8001)  <MXX  <1  > , I=MR, MPTS) 

53900  DD  9001  J=1 ,KSET, ICDMP 

39000  WRITE  .'IPRIMT,  8950')  J,  (FPI S < J,  K) , K*NR, NPTS> 

39100  9001  CDHTINUE 

39200  WRITE  < I PR  I NT,  3975') 

59300  3975  FORMPT (IHl , 2X, "SUMMflRV  STATISTICS  FOR  PERF  INDICES  DIST"> 

39400  WRITEaPRINT,9002> 

39500  9002  FORMAT  (2.X,  "TINE  NRTS  NEflN  VARIANCE  3RDMaM", 

39300  4THM0M") 

39700  DD  9004  1=1 ,KSET, ICQMP 

39300  WRITE CIPRINT, 9003)  I,KPIS<D , PISNN <D , P ISDEV <I> , PI SH3 d) ,PISN4<I> 
39900  9004  CONTINUE 

40000  9003  FQRNRT<2X, 14, I7,F7.2,F10.2,F12.2,F14.2) 

40100  DO  10000  J=1,KSET, IGRRF 

40200  WRITE  (4,9200)  J 

40300  9200  FORMAT ("TIME  ",I4) 

40400  BACKSPACE  4 

40500  PEAD(4,9205>  (NAME2 ( I) , 1=31 , 40> 

40600  9205  FORMAT (lOAl) 

40700  DO  9500  K=1,NPTS 
40300  B<K)=i:UMPIS<J,K) 

40900  9500  A(K)»FPIS<J,K) 

41000  CALL  PLOT (MXX, A, NPTS, 1PRINT.NAME2, NAMED 

41100  IF(GPAFOP.EQ.-l)  CALL  PLOT (MXX, B.NPTS, IPRINT,NAME2,NAME3> 

41200  10000  CONTINUE 

41300  WRITE<1,2999) 

41400  2999  FOPMATC  PISECT  IS  OUT") 

41410  C- 

41420  C-  THE  COMPUTED  DISTRIBUTION  OF  THE  CONVERSION  COEFFICIENTS 
41430  C- 

41500  WRITE  dPRINT,  3000) 

41600  3000  format (1H1.2X, "CONVERSION  COEFFICIENT  DISTRIBUTION") 

41700  DO  3100  KC)=1,NMXPT,  10 
41  300  ):09=t'0-»-9 

41900  WPIT£(IPRINT,8001)  (MXX < D , I =KQ, KQ9) 
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■IJOCIO  ta  31  no  J=1  .K  SET.  ICOMP 

43100  ..ISITE  aPPIMT.8950>  J.  (FCC  C J.  K . . K*!.  0.  K09> 

42300  3100  CGHTIMUE 

43300  MPlTEiIPPlnT.8001>  < ti:?X  U » . I NPTS> 

43400  Oa  3101  J=1 .KSET. ICDMP 

43='0O  i.)PITECI?PIHT.8?50>  J.  'PCC.  ‘ J.  K ) . K =MP . MPTS  • 

->i800  3101  CD'ITINUE 

42700  MSITE  •:  IC’PIfiT.  3130> 

43-500  3120  FaPrlST  Clrtl  .2X.  ■•‘S'Jfl'IPPT  STATISTICS  POP  CaMVERSION  COEPP") 

43:-00  MPITE  < 1PPINT.  ?002> 

43000  oa  3102  1 = 1 .KSET.  ICQflP 

4 31  00  MR  I TE  * I PP I HT . 9 00  3 > I • t<  P I S < I » , CCMM  ^ I ' . CC  DEV  < I > » COM3  < I>  » CC14  ( I < 

43200  3103  CONTINUE 

433O0  no  3200  J=1  .KSET.  I'SRftP 

4 3400  'iiPITE  <4. 9200>  J 

43500  BhCKSPRCE  4 

43E00  PErtD'4.9205)  <NftME4 (I> * 1 = 31 . 40' 

43700  DO  3150  K=1.NPTS 
43300  b<>k:)=i:unpcc':j.k> 

43900  3150  H(K>=FCC<’J.iO 

44000  CftLL  PuOT  <;MXX.  A.NPTS.  lPPINT,NftME4.NflMEl> 

44100  IFO5PPF0P,EQ,-l)  CALL  PLOT ‘MXX. B. NPTS. IPRINT. NflME4»N«ME3) 
44300  3200  CONTINUE 

44300  uPlTEa«3201'> 

44400  3201  FDPNFlT  r’CONV  COEFF  IS  OUT") 

44500  IFdCHLC.NE.  l.PND.  ICftLC.NE.4)  60  TO  3603 
44510  C- 

44520  C-  THE  COflPUTED  DISTRIBUTION  OF  THE  PAIRED  PERFORMANCE  INDICES 
44530  C- 

44600  MRITECIPRINT. 3300) 

44700  5300  P0RMATaHl,2X*"PAIRED  PERFORMANCE  INDICES  DISTRI BUTI0N"> 

44300  DO  3400  KO=l.NMXPT. 10 
44900  K09=KGi+9 

45000  i.)RITE<.IPPINT.3001)  CMXX  ( I > , I «KO. «09) 

45100  DO  3400  J=1.KPARLS. ICOMP 

45300  i.lPITE''IPPINT.S950)  J.  <FP IP <,  J. r ) , K-KQ* KQ9> 

45300  3400  CONTINUE 

45400  i.)RITE  UPPINT.SOOD  ‘MXX < I>  . I*NR. NPTS> 

45500  DO  3401  J=1.KPAPLS» ICOMP 

45600  iJRITE  • IP'PINT.S950)  J.  CFPIP  r j, h; ) , K-NR. NPTS> 

45700  3401  CONTINUE 

45300  MPITE<IP»INT.9002> 

45900  DO  3402  I =1 . kPmRL S* ICOMP 

4-.000  HPITE  • IPPINT.  9003)  I .K  IPAIPCI ) .PIPMNa)  » PIPDEV  <I  > j PIPM3  <1 ) . 
461 OO  -PIPN4-I) 

4-200  3402  CONTINUE 

*63o0  DO  3600  J=1 .4 PAPLS. I6PAF 
4-400  iilPl  TE  ■ 4. 9200)  J 
4 65  0 0 B AC  K C FACE  4 

4-6IJ0  4EAD'4.  9205)  )NAf|£2i.I' . 1 = 31*40) 

46700  DO  3550  osi.MCTS 
46:O0  p • 4 > =CUriP  IP  < J.  F • 

4 6 9'' '.I  3550  A ' “ ) =FP  IF  r J.  K ' 
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47000  Ci=tLL  Plot  (M:  rt.NPTS.  IPPINT.  ri'=inE3,r(HMei  > 

»n0O  IF  <mPi4PDP.  EO. -1  ) Cmll  plot  B.tIPTS.  IPP.ItiT.NPlMEatNi4rtE3> 

4 Pc’  0 0 0 • ' C T I rOJE 

47?o0  3o0:-!  COrlTlrfHE 

4 * 4 0 0 (tip  1 T E ' I • 3*3  LI  I ^ 

47EtOO  3E01  FOPMhT  ■ "PI  PPIP  IS  OUT"' 

4rtTt00  I F ' 1 I t-ILC . LT  . 3>  ijO  TO  .SESS 
47700  MPITE ■ IPPINT. 3E04) 

47!500  3>304  POS-MFlT  ■ 1H1 . SECTIOn  '■1^lr^ElJ^/EP  COMVEPSIOri ^COflVERSION"  » 

47400  PPOBPflLlTV  Mi4TPir') 

4 ? ij  t,t  1 1 itiftt  I T E ' I PP I MT  • 3*3  03  L 

431  00  3*303  copmpT  • IftX.  "OFF  mEp  OFFENSI  VE  HEUTPRL  DEFENSIVE  " » 

43300  -"DEF  PPT  tcfiDEDFC"  ■< 

4 3 3 0 1.1  iilP  I TE  ^ I Pp  I LI  T f 3E I Cl  ^ * C P'S  *.  I ? J ' • J— 3 » E*  ^ 

45400  5*310  FOPMhT  C3X.  "OFF  MEP  *"  » ^.X>  5F 1 0.  4> 

45500  itiPI  TE<  I PPIHT.  3F.13>  CPSCS.  D , CCPS<E»  j:>  * J=3-6> 

45300  3313  fofmfiT  <,3X*  "OFFEtiSIVE  " > FI  0.  4»  4X»  " . 5X*  4F 1 0.  4> 

43700  iiiPITEtlPPINT.  3614)  <.CP3<3.  J)  * J=1.3>  » CCPS<3»  J>  . J=4,6) 

43300  3614  FOPMftT  C3X»  "NElJTRftL  . " . 3F 1 0.  4:.  4X»  "♦"  * 5X.  3F 1 0, 4> 

45300  itlPITECIPPINT*  3616)  CCPS<.4»  J)  > J=l»3)  > <CPS<4.  J)  » J»5»6> 

43000  3613  FaPl'IHT<3X»  "DEFENSIVE  " . 3F 1 0. 4»  4X»  , 5X.  3F1 0. 4^ 

4'4100  yPITECIPPINT.  3613)  OSPS  <5.  » J=1 » 4)  * CPS  C5»  o') 

43200  3613  FQPMFlT  <3X*  " DEF  FFIT  " » 4F1  0. 4»  4X.  "♦" » 5X* FI  0. 4> 

43300  MPITECIPPINT* 3630)  (CPS <6» J) » J=1 » 5) 

43400  3630  FORMAT <3X."TPflDEaFF  " . 5F 1 0. 4. 4Xf "♦"> 

43500  WPITEdPRINT.  3633) 

43600  3623  FORMAT (IHl , 3X, " SECTION  TIME  IN  STATE  DISTRIBUTION") 

43700  IJRITE(IPRINT»3624) 

43300  3634  FORMAT <8X. " T IME  FREO(OFFWEP)  TIME  FREO (OFFNSV) " 

43300  -"  TIME  FREO(NEUTRL)  TIME  FREQ(DEFNSV)  TIME  FREQ (DEFFAT) “ » 
50000  TIME  FREQ  (TRADE  ) "> 

50100  DO  3650  J*1.51 

5O500  I4PITE(IPRINT*  3636)  < (T  SCALE  ( I . J)  » TFREQ  ( I . J)  ) * 1 = 1 » 6) 

50300  3636  FORMAT (3X* 6 (F 1 0. 3) FI  0. 4) ) 

50400  3650  CONTINUE 

50500  WRITE(IPPINT»3638> 

50600  3638  FORMAT (IHl ,4X. " SUMMARY  STATISTICS  FOR  SECTION  MANEUVERnx 

s-  CONV”) 

50700  WRITE (IPRINT. 3630) 

50300  3630  FORMAT  <3X.,"STATE  MEAN  VARIANCE" 

50310  3RDMOM  4THM0M  NPTS") 

50300  WRITE (4» 3655) 

51000  3655  FORMAT("OFF  WEP" ^"OFFENSIVE "/"NEUTRAL" D£FENS1VE"*'"DEF\n 

.V  FAT"/ 

51100  -"TRADE  OFF") 

51200  DO  3654  J»1.6 
51300  3654  BACKSPACE  4 

51400  DO  3660  J-1.6 
51500  READ(4.3657)  ANNAtKING 

51600  3657  FaPMAT(2A5> 

51700  WRITE (IPRINTf  3662)  ANNA. KING. TMEAN < J) . TDEV < J) . TMOM3 < J) . TM0M4<J) 
51710  IFL(.i) 

51800  3662  FORMAT (3X. 2A5. 4F 1 0. 2. 1 7) 

51300  3660  CONTINUE 

53000  DO  3665  J»1.6 
52100  3665  BACKSPACE  4 
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5c.'S0u  I'G  ?630  J = l’6 
’:330i)  DO  S'??!;'  J = l»^'l 
= £■400  l=l‘ J- =TCK'En.  I.  j) 
t'£='00  £t-ro  t' ' J • =T  iCRLE  < I • J > 

?£-500  S'ti-tD  ' 4 • io  56  • < HhMES  <'K  ) . t<  s 3 1 • 40> 

5£700  36fi6  FOC'MhT  f 1 061 ) 

:'£-£00  C6LL  PLOT  c B:.  m.  T'l  • IP’PI  MT.  M6M€5.  M6ME 1 > 

5£'r*00  IF '.'3P6FGP.fiE. -1  < i30  TO  3630 
53000  DO  3’o75  .1  = 1 » 51 
53100  3675  6 ( Jj  =TCiJMP <I  * J> 

53£00  CRLl  FlOT(B.6.51.  IPPINT.N6ME5.NHriE3> 

53300  3630  COtiTIMUE 

53400  3633  COHTINUE 

53500  WRITE <1, 3631>  ' 

53600  3631  F0RM6T  ("SECT  MN  CNV  IS  OUT"') 

53700  IF(IC6LC.UE.4)  GO  TO  3300 
53300  WPITE(IPRIMT> 3632) 

53900  3632  FOPMftT (IHl . 2Xt "OfllRED  MANEUVER  CONVERSION  PROBftBILITV “ » 

=,4000  M6TRIX") 

54100  WPITE(IPRINT»3G03) 

54200  WPITEdPRINT.  3610)  (CPP  d * J<  » J=2»5> 

54300  WRITEdPPINT.3612’)  CPP  (2. 1^  . (CPP  (2.  J)  . J=3. 5^) 

S44  00  WRITE dPRINTf 3614)  (CPP (3»  J) . J=1 * 2) . (CPP < 3. J>  t J*4f 5> 

54500  WPITEdPRINT*  3616)  (CPP<4*  J>  . J=l»  3) . (CPP <4.  J)  . J=3* 5> 

54600  WPITEdPRINT*  3618)  (CPP  <5*  J)  * J=1  * 4) 

54700  WPITEdPRINT*  3634) 

54300  3684  FORMAT < IHl * EX-t^ftlPED  TIME  IN  STATE  DISTRIBUTIONS") 

54900  WPITEdPRINT*  3624) 

55000  DO  3686  J=l*51 

55100  WPITEdPRINT*  3626)  < (TPCALE  (J  * J)  * TPFREQ  <I  * J>  ) * 1 = 1 * 5) 

55200  3686  CONTINUE 

55210  WPITEdPRINT*  3687) 

55500  WRITEdPPINT*3630) 

55400  WRITE  (4* 3655) 

555 00  DO  3689  J»l*6 
55600  3639  BACKSPACE  4 

55500  3687  FQPmaT (lAl * 2X. "SUMMARY  STATISTICS  FOR  PAIRED  TIME  IN  STATE") 

5'6o00  DO  36'90  J=l*5 

56100  PE AD (4. 3657)  ANNA*^ING 

56200  WRITEdPRIMT*  3662)  ANNA* KING.  TPMEAN  (J)  * TPOEV  ( J)  . TPM0M3 < J ■ 

56:00  rPrnM4( J) * IFM< J) 

564110  3690  CONTINUE 

56500  DO  3691  J=l*5 
=.6600  3691  B:ACKSPACE  4 
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54700 
54300 
54300 
57000 
571  00 
57200 
5~30O 
5 7 4 0 0 
575tjO 
57400 
57  700 
5 73  0 0 
57300 
53000 
53100 
53200 
53300 
53310 
53320 
53330 
53-400 
53500 
53400 
53700 
53300 
53900 
59000 
59100 
59200 
59300 
59310 
59400 
59500 
59400 
59700 
59300 
59900 
59910 
40000 
40100 
40200 
40300 
40400 
40500 
404  00 
40700 
40300 
40900 
41000 
41100 
41200 
41300 
41400 
41500 
41400 
41700 


DO  3493  1=1 >5 
DO  3492  J=1.51 

J> 

3492  3 ' J) =TPCmlE <I » J> 

F’EftD  4 • 5454  ^ <M3ME5  < K'  > y K = 3 1 * 4 0> 

C3ll  Plot  (f..  3, 51.  IPPlMT.r4MME5.NftMEl  » 

I F < I’S  H*- OP . ME . - 1 ) 40  TO  3493 

DO  347-4  .1  = 1.51 

3494  H f J ' =TPC UflP  <:  I . J » 

ChlL  plot  (.B.  3,  51.  IPPIMT.r(3ME5.M3ME3) 

3493  rOMTlM'JE 
3300  COMTIMOe 
■4p  I TE  ' 1 . 3499> 

3499  PaFtl3T'  "3LL  D3T3  3RE  OUrw 

C-  3T3PT  OUTPUT  OF  EXPECTED  P3THS 
C — 

DO  4005  I-l. 101 
3<D  *BL3M9 
4005  Ba-»BL3MH 
DO  4000  3=1.101.10 
*PLUi 
ft< J>=DOT 

4000  CDMTIMUE 
WPITE<IPPINT.4001'> 

4001  F0Pt13T  < 131, 2X.  "EXPECTED  P3THS  FOR  CONTIMUOUS  DflTR"/'//' 
-lOX."  * PEPFORfIRNCE  INDEX  SECTION"^ 

-lOX,"  ♦ PEPFORfIRNCE  INDEX  PR  IRS 'V 
-lOX,"  I CONVERSION  COEFFICIENT  SECTION"/- 
-//3X.--100  -80  -40  -40  -20 

-"0  4-20  >40  ■*•40  ■*•80  ■*■100“) 

WRITE<IPRINT,4002>  , J=l,  101>  . <R<J>  . J«1  > 1 01) 

4002  FOPMRT (2X, ”TIME",4X, 101RI/2X, "SECS",4X. lOlRl) 

DO  4100  J=1.101 

4100  B<J)=PUJS 

UPITE<IPRINT,4101>  <B<J> , J«l> 101> 

4101  FaRMRT<10X,101Rl> 

IF<1CRLC.EQ. l.OP. ICRLC.EQ.S*  KPRRLS-KSET 
DO  5000  J»1,KPRRLS.  ICOriP 
DO  4003  1=1.101 

4003  fla»*BLRNK 
R<51>-D0T 
R<1)=PLUS 
R<101>=PL'JS 

IF<J.  3T.(<SETf  60  TO  4004 

K«0.50*CCI1N<J»^*'50.5 

IF<K.6E. I.RND.K.LE. 101)  R<K>-DOCL 

L-0.50*PISf1N<J)'*'50.5 

IF<L.5E.1.RND.L.LE.  101)  R<D-STRR 

4004  M-0.50*PIPHNO»^450.5 
IFTM.5E.  l.RNO.M.LE.  101)  fl<rl>«PLUS 
'JR1TE<IPPINT.4004>  J.  <R<KK>  .KX-1.  lOl) 

4004  FORI1RTOX.14.3X.101R1) 

5000  CONTINUE 
CRLL  EXIT 
END 
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- l 5''iO  'ijEfrO'.iT  INE  ECEDI  ' -hiLPHh.  BETft.  DELTR.  X.  MDftTFl. FSEO»  CUtlP. ftNS> 
el  510  C- 

el?£0  C-  THIS  5UT;»D'JTIME  USES  FPEOlIEMCV  DISTRIBUTION 

el  550  C-  ReCT.'EPY  TECHrUC'UE ♦♦♦  PER  ULTREtSYSTEMS  RPT 

el 

-1550  C-  IT  .:HLl5  hN  ItaEiSPHTiau  SUBROUTINE  (OSE>  NND  fl  MOMENTn'^ 
CH'.C’Ji-HTiaN 

l?eO  C-  I'lBPO'  lTlNE  •'■13MEN* 
elVi’ti  - 

-1?5II  THE  DI  STPIB'UTiaM  FUNCTION  OP  THE  X STRIN'5  VECTOR  IS  CQNPUTED 
-1531  C-  HfiD  P'_HCED  IN  PPEC  HPTEP  IT  IS  NQPNHLIZED 
e 1 ■ 5 5 C - 

el  532  C-  X mHS  MDHTH  VHLUEi  '.HTH  fl  NHXINUN  OF  BETA  <.RHNSE  VfH.UE> 
el '54  C-  H .•llrUrlUN  OF  HLPMH  tRRNGE  VHLUE>  TO  BE  COMPUTED  OVER 
•51555  C-  H '3P 1 D VhLUE  OF  DELTH 
•- 1 5 5 e C - 

el53r  C-  .THE  PRO'5RHM  HLSO  RETURNS  THE  NORMALIZED  CUMULATIVE  PROBABILITY 
el  533  C-  OF  OCCURENCE  <CUMP>  AND  THE  FIRST  FOUR  MOMENTS  <A«S> 

•51535  C- 

51300  DIMENSION' 

UB0<.5)  .ANS<:4)  ,X<500*  .FPEQ<500;»CUMP<900>.Y<500>»XK500)» 
eZOOO  -FHAT'.E'00>  •U<500> 

53100  DIMENSION  NX <500> , RF <500) 

53300  UEO<1)=AlPHA 
-3300  UBO<3)=BETA 
53400  UEO<3-=DELTA 
53500  SUMI=0. 

53500  iUM3*0. 

53700  NPTS=<BETA-ALPHA) ^DELTA-M 
53300  SUMAIJ=0. 
e3300  NINT=<BETA-ALPHA) /DELTA 
i'  53000  DO  10  I*1.NDATA 

-3100  DO  10  J=1.NDATA 

55300  10  SUMAI J=(X(I)-X<J) )^*24SUMAIJ 

55300  XMU»0. 

55400  XMU»SUMAIJ 
53'. 00  XMU*XMU  ^ <NDATA»<NDATA-l)  > 

53500  IF<ABS<XMU) .LT. l.E-08)  PHO-0. 

53700  IF<ABS<XMU>  .LT.  1. E-OS')  50  TO  23 
53900  IFi  /.MU.ST.  1.  ) DELTA1  = 0.010 

53500  IF'XMU.5T.  1.  ) PHO*  <DELTA1*AL0G  <NDATA>  •♦■ALOS<XMU>  > ^XHU 
E.4000  I=<XMIJ.LE.  1.  ) DELTAl-0.250 
-4100  IF<XMU.lE. 1 . ) WHa»DELTAl*ALQG<NDATA)/XMU 
54.900  33  CONTINUE 

e4300  E;INV=0. 

54400  DO  30  I=1«NDATA 
54500  DO  30  J=1»NDATA 

-4e00  FruaP/p  I--1 . ♦PHO*<X<I  < -X  <J)  ) •♦3> 

54700  fijmc*  <X  < I > -X  < J)  ) ♦♦3*ECH 
e4900  30  tl  «V»BINV-t-FijNC 

-4500  IF<ABS<BINV) .LT. l.F-03.  B*0. 
eSOOO  IF<aeS<BINV .lT. l.E-OS)  GO  TO  32 
55100  BIN'/»tINV  - 'NDATA^iNDATA-l  ) ) 
e'iSoO  B*1.'-BINV 
i^SoO  32  CONTINUE 
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•£.5400  DD  40  i = ljtiPTS 

■£-5500  40  V>I>=  iRLPHft-*-';i-l»  ♦IiELT«=l 

65-jOO  DO  50  I = 1.HPTS 

65T’00  FHi4T<r>=0. 

-.5300  DO  50  J=1-.HDF|TR 
3 5 ? 0 0 £ T E P 1 = v'  1 > - K (.  J '> 

33000  STEF3=E!-!P  1 ♦ <P^'i  T£P1  > •■'i.  :• 

liolOO  50  FHHTa)=FHr(T':i>+E'-r<DRTR»STEP3 
'roziOO  ChlL  Q SF  (. DELTR « FHRT » X I » rtPT'i  > 

33 3 0 0 DO  5 0 0 J= 1 • NPT S 

3^400  IF  <.hBS<‘XI  ''HPT3>  ) .'5T.  l.E  — 03>  bO  TO  490 
3-35  0 0 FPEQ  J > — 0 . 

333  0 0 CUMP  < J > = 0 . 

33700  GO  TO  500 

33300  490  ‘^REQCJ)  =FHRT<  J>  "XI  <;NPT5> 

339 0 0 CUMP  > J > ®X I V.  J>  "X I CMPTC'.:' 

37000  500  COMTINUE 

37100  CRLL  MOMEM'FREQ»UBO»MPTS>RNS) 

37.300  RET'J=’M 
37300  EHD 
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*:r40(.i  .'ji;tauT iMt  oif'h. 

-7410  c-  THIi  i;  H '3ENFFHL  IMTE'?PfiTIDN  FOUTIME  FOR  EOUFlLLY  iPRvED 
-74ai'  - FUMCTIQh:  >:'i' 

-.7130  r- 

-440  the  iFHciHb  OF  V r:  h — the  huhber  of  poiNTi  15  hdim 

-74SII  c-  THE  IMTE'TRHL  QF  r 13  7 
T74r.O  C- 

-7470  THE  '.UERDUTIHE  UiE'  H r QMtilHHT  I Dt)  DF  SlflRvOriS  PijLE 
t7430  C-  -TfUi  MEUTOh:  THREE-EI'5HTH;  R'JLE 
T 74  7 0 ; - 

r7E-0  0 DIMEMilQri  ,■  1 1 » . r I • 

•:.7i3  0 0 HT=H*1.  3. 

E7700  I iUHl  ='i'  • £ • + i' ' £ ' 

- 7 3 0 0 Sl.'M  1 = SUM  1 ♦ S UM 1 

7.7  300  SUMl  =HT*  V < 1 ' SUMl  + ('  T 3>  ‘ 

E5000  H'jy.l=V<4>4Y  '4* 

7 5 1 0 0 HU;-;  1 =HiJX  1 +HUX 1 

7 3 2 0 0 HUX 1 = S UM  1 *H  T ♦ Y < 3 • -h4UX  1 ♦ Y < 5 » ) 

35300  HUX£=HT*' V'  1 >+3.  375* <Y  (£>  ■•■Y <5)  » 42. 625* <Y <3> +Y  <4)  i 4-Y <6> > 

7?4  0 0 SUM2=Y  ) +Y  <5  > 

35500  JUM£=SUM2+SUM2 

35300  SUM2=HUX2-HT*<Y  C4>  +SUM2  + 1'  T 

33700  2Ti)=o. 

333  0 0 HUX=  Y ( 3 ' Y < 3 ' 

35900  HUX=FIUX+HUX 

35000  2 Y2>  =SUM2-HT»<Y  Y2)  t-H^JX+Y  Y4>  > 

35100  2(3>=SUN1 

35200  2<4>aSUM2 

35300  IF<MIiIM-3>  5»5j2 

39400  2 DO  4 I=7»MDIM»2 

3-5500  SUM1=HUX1 

35300  SUM2=FlUX2 

3-5700  HUX 1 = Y < 1 - 1 > 4-Y  (I - 1 • 

3-5300  f5UXl=FlUXl+HUXl 

395 00  H'JX  1 » iUm  4-HT ♦ < Y <1  - 1 ) +HUX 1 > V <1 5 > 

70000  Za-2»=SUM1 
70100  IF <I-NDIM>3»3»3 
70200  3 flUX2=Y<I)  4-Ya^ 

70300  ftUX2=FtUX2+flUX2 

70400  ftUX2=SUM2-*+4T»<:Y  <1-1  > +HUX24Y  <I-*-15  > 

70500  4 2<1-1>=SUM2 

70300  5 ZCMDIM-D  =flUXl 

7fi700  Z<HD1M>=3UX2 
70300  PETURM 
7<i500  3 Z'MliIM-l)  =SUM2 

71000  Z ' tlDIM>  =HUX1 
71100  RETiJR-M 
■’1200  EMD 
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r 

t 


5 

t 

f 


71300  :iJEOQOTIHE  t-iarlEM  <F  » UBQ«  HptS  » 

71310  C- 

71320  C-  THIS  ROLITIHE  ChlCULRTES  THE  CLHSSICHL  rlQMENTS  QF  fl  GIVEN 
71  350  C-  FREOOENC  i'  FUNCTION  CF)  HFlVING  ft  MftX  ,UJB0  Ca')  > ft  MIN  <UBD  <1 » > 
71340  C-  ftND  ft  GRID  SIZE ''UBO  <3>  > THE  MOMENTS  ftPE  PLftCED  IN  FlNS 
71350  C- 

713GO  C-  THE  FIRST  MOMENT  CMEftN  IS  ftBDUT  THE  ORIGIN 
71370  C-  ftLL  SUBSEQUENT  MOMENTS  ftPE  ftBOUT  THE  MEftN 
713S0  C- 

71400  DIMENSION  F <1 ) , flNS CO » XM (500> » Y (500> 

71500  DIMENSION  UBD<3) 

71G00  DO  10  1 = 04 
71700  10  ftNS<O=0. 

71300  DO  20  I = ONPTS 

71?00  Ya)=UB0<0-O.I-l)*UBa<3> 

72000  20  XM<0=Y(I)»Fa> 

72100  CftLU  QSF<UB0<3OXM»XM>NPTS> 

72200  ftMS<l>=XM<NPTS^ 

72300  DO  30  I = ONPTS 

72400  30  XM<I>=F<I)*(Y<l'-ftNS<l>>^»2 

72500  CHLL  QSF  OJBO <3> » XM* XM* NPTS> 

72600  ftNSC2>=XM<NPTS) 

72700  DO  40  I=1»NPT3 

72800  40  XMa>»F<I>*CV<I>-flNSCl>  )»*3 

72800  CftLL  QSF<UBQ(;3>  »XM,XM.NPTS>  ' 

73000  ftNSC3>»XM<NPTS> 

73100  DO  50  I-l.NPTS 

73200  50  XM(D=F<I>»».Y<I>-HNSa)  >**4 

73300  CftLL  QSF<UBQ<3> »XM,XM,NPTS> 

73400  ftNSC4)=XM(NPTS> 

73500  RETURN 
73600  END 


P 

k 
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7^700  SUEPaUTlNE  PLOT  <X.  Y * T PPI NT • MPlMEX.  rlRclEY' 

75710  C- 

75750  C-  THI5  PQiJTINE  PLQT5  P 5ENEPPL  VECTOR  Y VERSUS  P 'SENERPL 
75750  C-  VECTOR  X CONSISTIM5  'OF  NDPTft  VALUES  MOT  MECESSPRILY  ORDERED 
75740  C- 

75750  C-  MPNEX  IS  P 40  CHPRPCTEP  IDENTIFIER  OF  THE  X VER (PLPHPNUD 

7S7P0  C-  NPMEY  " " Y VPRIPBLE 

75770  C— 

75750  C-  IP=INT  IS  THE  OUTPUT  LOCICPL  UNIT  NUMBER 

75750  C“ 

75751  C-  THE  ROUTINE  COMPUTES  ITS  OUN  SCPLE  VPlUES  PMD  DEVELOPES 

75755  C-  ITS  O'.IN  OUTPUT IT  RETURNS  NOTHING  TO  THE  MPIN  PRQGRPM 

75755  C- 

75300  DIMENSION  NPMEX  <1E)  • NPMEY  •:  13^ 

7 3500  DIMENSION  Xc51 ) . Y<51 > . PLOTS  <5 1 * 5 1 > . 21 <51 < f 22<51> 

74000  Dpfp  BLPNK.  STPR.XXX.PLUS^  ••  "X"  »" + 

74100  DPTP  DDT^"."/- 
74500  DPTP  DPSH^"-"^ 

74300  DO  10  J=l*51 
74400  DO  10  K.=  l»51 
T4500  10  PLOTS <J.K>=BLPNK  , 

74600  DO  11  K*1.51 
74700  11  Plots <51 fK>=DDT 

74300  DO  151  J=1.51 
74500  151  PLOTS <J» 50 =DOT 

75000  DO  131  J=l!.51»5 
75100  DO  131  <»1»51.5 

75500  IF<J.EQ.51.0R.K.EGi.5r)  GO  TO  130 

75300  GO  TO  131 

75400  130  PLOTS  <J»K")*DPSH 

75500  PLOTS <K.J)»DPSH 

75600  131  CONTINUE 

75700  XBIG— 5.5E06 

758  0 0 X SMPLL=9 . 5E  06 

75900  YBIG— 9.9E06 

76000  YSMPLL«9.9E06 

76100  DO  999  I»l.NDflTP 

76500  IF<X<I> .GT. XBIG. PMD. Y<I> .GT. <l.E-06>>  XBIG-X<I> 

76300  IF<X<1> .LT.XSMPLL.PND.Y<I> .GT. <l.E-06> ) XSMPLL-X<I> 

76400  1F<Y<I>  .GT.YBI6>  YBIG»Y<n 

76500  IF<Y<I> .LT.YSMPLL>  YSMPLL“Y<n 
766 00  999  COMTINUE 

76700  YOEL»YBIG-YSMPLL 
76900  XOEL«XBIG-XSMPLL 

76900  IF<XDEL.LT. l.E-08.aP. YDEL.lT. l.£-03>  RETURN 
77000  TEST*l.E-07 
77100  DO  993  I=l»14 
77500  TEST-TEST*10. 

77300  DO  953  J*l»9 

77400  IF<Y0EL.GT.  <J*TEST>  . PMD.  YDEL.  LE.  < < J>1  > ♦TEST)  > YDEL*<  ♦TE 
77500  IF<XDEL.GT. <J*TEST) . PMD. XDSL. lE. < < J+1 ) *TE ST>  > XOEl* < J+O ♦TE 
77600  CONTINUE 
77700  998  CONTINUE 
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• r r^UO  'HVt-  ‘ 1 0+ i ‘"IRUL  ■'  ■ S’ . 


”790  0 

1 R'v'b~  Y.  1 E- 1 b + Y 1 NRi_ 

L • 

2 . 

~ 2 H 0 0 

• ■ruN=>;RV0-  :d£u  - a 

■ 5 1 0 0 

?'l  R ■■■!  — ■■■,  R v'  G K D £ 1_  3 

752  0 0 

I'N  I N = 'i'’R'v‘G-  7 D£L  --  2 

7 0 3 0 1'l 

1 ' f '1 R 7 = ' V'  R V G y’  D £ L •'  2 

• 

7;4lj0 

■•nN:  = yxnrx-snin  ' 

5 0 

. 

7 3500 

f’INC=  Ci’NRX-YNINj 

• 5 0 

. 

7 5 5 0 0 

DO  20  I=1jNDRTR 

7 57  0 0 

I '■  K I • . GT . XNRK  ' 

GO 

TO 

12 

755  0 0 

IF  a > . :_T.  XNINy 

GO 

TO 

13 

73900 

IF  k/y’  '^I  ' . GT.  '7NRX> 

GO 

TO 

16 

7 '9  000 

IFfY'  I>  .LT.VNIN) 

GO 

TP 

17 

79100 

K.=  '7X  ■:  r.i  -XNIN)  ♦ •:  1 

. ■•■■■  X 

1 NC  ) + 1 . 

79200 

L=-:;Ya.'-YNIN>^a 

. y' 

INC.; 

■►1 . 

79  300 

PLOTS (L.KY=STRR 

79400 

GO  TO  20 

79500  1£  K=51 

79000  IF<’r'<  r>  .LT.  YfliriJ  L=1 

7 ?7 0 0 I F f.'f  <!  I > . bT . VMRK!)  L = 5 1 

79'500  IF  cy  <D  .LT.  Y*'nN.OR.  Y'ri>  .GT.  YMR>■^>  GD  TO  19 
799  0 0 L=  < Y'  <;  I ;j  - Y M I 1 . I NO  + 1 . 

00000  GO  TO  19 
90100  13  K=1 

50300  IF<YU>  .LT.YMIN)  L=l 
5 0 5 0 0 I F <Y  < I . GT . YMRX ) L=5 1 

3 04 0 0 1 P Y < I > . L T . r’M I N . OR . Y (I > . GT . YNRX>  GO  TO  19 


'XINO+1. 


L=  •:  Y < I :■  - YM I N ) ♦ U . ' T I NO  + 1 . 

GO  TO  19 

16  L=51 

K = t..‘K  < I » -XN I N ) ♦ 1 . ''X I NC > 1 . 

GO  TO  19 

17  L=1 

K> '.X  ■ I > -’KMIN)  ♦ < 1 . ^XINC> +1 . 

19  RLOTSyL»K)»XXX 

20  CONTiriiJS 
DO  22  I=l»5l 

Z 1 • I > = ><M  I N+  Y I - 1 ) ♦X I NC 
Z2  I > = /N I N-f  < I - 1 > ♦ Y I NC 
22  CONTINUE 
M*TT£  <1RRINT»25> 

25  cos',-.HT<lHl. 

DO  30  -.=  l»5l 
1=52-*' 

MR  I T£  Y I I N T • 26 > Z2  C I > • t P-LOT  3 <1 » J :■ 

26  RO®f1RT  Y 2X»  - 1 0.  4«  ” + "»51‘4l  > 

30  CONTINiJE 
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TERMINOLOGY 


ACM  - Acronym  for  Air  Combat  Maneuvering 

ACM  State  - A descriptor  of  the  ACM  situation  as  offensive, 

defensive,  etc> 


AIS 


- Airborne  histrumentation  Subsystem 


Bimodal 


- Having  two  characteristic  peaks. 


Bogie  - A term  applied  to  the  opposition  aircraft  in  an 

engagement. 

Bogie  Switching  - A maneuver  wherin  the  opposition  aircraft  switches  his 

offensive  press  to  avoid  being  "predictable". 


Conversion  Coefficient  - An  analysis  term  computed  by  combining  the  perform- 
ance index  and  maneuver  conversion  computations. 

Conversion  Probability  - The  probability  of  converting  from  one  ACM  state  to 

another. 

Coordination  Consistency  - The  difference  between  unity  and  the  standard  devia- 
tion of  the  section  coordination  term. 


Defensive 

Distributions 

Dominance 

Expected  Path 
Fatal  Defensive 

"Flash  Through" 


- A mathematical  stale  where  the  subject  aircraft  or 
section  is  being  threatened. 

- A mathematical  term  applied  to  the  probable  range  of 
events  and  how  test  data  covers  that  range. 

“ A term  applied  when  one  aircraft  or  section  is  in 
decisive  control  of  the  engagement. 

- The  locus  of  expected  values  of  a variable. 

- A mathematical  state  where  the  subject  eurcraft  or 
section  is  in  a weapons  opportunity  of  an  opponent. 

- A mathematical  term  indicating  a transient  situation 
(extreme  short  duration). 


Frequency  Distribution  - A distribution  of  the  frequency  of  occurrence  of  a 

variable  as  a function  of  the  variable. 

Magnitude  Sum  - A method  of  combining  paired  data  to  yield  section 

data. 

Markov  - A mathematical  term  referring  to  a time  independence 

occurrence  of  events. 
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Multimodal 

Maneuver  Conversion 
Model 

Neutral 
Offensive 
Offensive  Weapons 
Paired  Data 
Paired  Coefficient 
Performance  fodex 


Section  Data 

Section  Coefficient 
Section  Coordination 


- Having  several  characteristic  peaks. 

- An  ACM  analysis  model  made  up  of  ACM  states. 

- A mathematical  state  where  the  subject  aircraft  has 
neither  an  advantage  nor  disadvantage. 

- A mathematical  state  where  the  subject  aircraft  is 
threatening  an  opponent. 

- A mathematical  state  where  the  subject  aircraft  has  a 
weapons  opportunity  on  an  opponent  curcraft. 

- A term  applied  to  data  generated  for  a specific 
fighter-to-target  pcdr. 

- An  analysis  parameter  generated  for  a specific 
fighter-to-target  pair. 

- A time  variant  figure-of-merit  which  scales  the 
offensive  value  of  a fighter-to-target  pair  or  aircraft 
section  via  the  product  of  angle,  range,  and  energy 
penalty  functions. 

- A term  applied  to  data  generated  for  a fighter  or 
target  section. 

- An  analysis  parameter  for  a fighter  or  target  section. 

- An  analysis  parameter  which  accounts  for  the  relative 
contribution  of  each  zurcraft  in  the  section. 


Semi- Markov 


Significance  Level 


State 

Stochastic 

*iwrvtval  Sting* 

Tflpigvt  Atecrsft 


- A Markov  process  modified  to  include  a time  depend- 
ence only  within  a given  state. 

- A mathematical  term  representing  a minimum  accept- 
able tactical  advantage  or  maximum  acceptable  disad- 
vantage. 

- See  ACM  State. 

- A mathematical  term  applied  to  a time  dependent 
occurrence  of  events  that  are  statistical  in  nature. 

- A term  applied  to  a shortened  tracking  solution  due  to 
the  tactical  press  of  an  opponent. 

- An  opponent  aircraft;  a bogie. 
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Trade  Off 


Trade  Off  Ratio 

Trimodal 
Vector  Sum 


f 


- An  ACM  state  where,  in  a section,  the  offensive 
weapons  and  defensive  fatal  states  exist  simultane- 
ously. 

- The  ratio  of  opponent  aircraft  shot  down  to  friendly 
aircraft  lost. 

- Having  three  characteristic  peaks. 

- A method  of  combining  paired  information. 
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